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SUPPLE:MENTS 
1. Molybdenum in biological materialscan be better 
determined by Classical Emission Spectrography 
than by Direct Reading Spectrometry. 
2. Trace element cont ent of seeds used and the 
accumulation of trace elements in the roots of 
test plants, are two limitations in the use of 
Neubauer seedling method as an aid to study the 
dynamics of trace elements in soils. 
3o Supposition made by DE KOCK (1960) that the in-
creased uptake of iron by plants when supplied 
with humic acids may be due to the net negative 
charge of the chelated molecule and hence preferen-
tinlly ndsorbed by roots, is an oversimplification 
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A systematic picture of the chemistry of oicro elemen-t s as effected 
by genetically related soil characteris"ties is emerging (HODGSOH 9 1963 ; 
MITCHELL~ 1964). However~ -Lhe deficiency-sufficiency~to:x:icity ranges of 
the trace elements 9 in oomparisen to major elements are prone to be more 
sensitive to a gronomie and environmental factors. 
The fact that several trace elements that are present in the soil 9 
within the rooting depth of the plants are in general one hu_~dred to one 
hundred thousand times the amount likely to be removed by any one erop 
(ALLA'NAY 9 1968) 9 amply im:;:llie s the potential role of agronomy in main-
taining the optimum balance between the traee elements in soil and plant. 
There is now an inereasing awareness about the neeessity of sustaining 
the critical equilibrium between the different phases of the environmental 
cycling of trace elements, for 1 the plant~ animal anQ human nutritional 
implication of this cycle is becoming increasingly important (.ALLAWAY, 1968). 
Since there is high d egree of specifieity in the dynamies of the 
trace element s 9 there tend to be fragmentation in the knowledge of the 
biod~<amies of trace element s , when several of them are considered simul-
taneously, as related to a single agronomie factor. In terms of soil-plant 
relationships of trace elements, the experiments that seek results on several 
trace elements in the same context are important, in view of the significant 
ird;errala:~ :i.cnship be·t.ween elements (DE KOCK and CHESHIRE9 1968). The critical 
leaf level of any particular n11trient varies with the leaf levels 9f oth~r 
nutrients 9 and categorizing the leaf levels of one element as 11 low11 and 11 high1 
may best be done at specified levels of other elements (PECK et al. 1968). 
Such attempts 9 however, have been limited 9 primarily due to the analytical 
difficulty encountered in handling more than one element pertaining to one 
and the same experiment. 
Objective of this thesis, therefore~ is to contribute some additional 
informations to the existing knowledge on the influence of some agronomie 
practices i.e. organie matter addition, liming, and soil moisture supply 
and trace element fertilisation on the t r ace element upta.ke by plant, with 
several element s ccnsidered s inn.ü t aneously. 
2. 
Chapters 1, 2 9 3 and 4 are the results of the experiments to 
elucidate the role of organio matter, liming and liming x organic matter 
interaction. Studies reported in chapters 5 and 6 have discussed the 
soil-plant trace element relationship infunction of soil moisture supply 
both with and without the interacting effect of soil moisture on plant 
growth. The confaunding effect of micronutriant fertilisation was brought 
out in all these instanoes. Variability in the response to trace elements 
that are related to plant species have also been considered in certain 
of the relevant contexts. 
CHAPTER I 
STUDIES ON ORGANIC MATTER AS A SOURCE OF TRACE EL~fl~JTS 
I.1. Introduetion - - - - - - -
A detailed review of the influence of organic matter on the 
trace element nutrition of plants revealed that only a limited 
information is available on the role of organic materials as sourees 
of trace elements. Addition of organics ·to the soil 9 though one of 
the most oomman practices in agriculture, their contribution to the 
micronutrient nutrition of plants has been only poorly assessed. The 
limited informativns available are rather contradictory. There is 
considerabl e difference in t he behaviour of individual elements 9 when 
in association with organic materials. Organic matter also influences 
the equilibrium between different fractions of the same trace elements. 
As an example 9 the effect o: organio material on Mn is generally 
that of increasi ng its soluble fraotion whereas in the case of Zn 9 
it seems to cause a decrease in the soluble fraction. Cu in general 
is rendered unavailable to plants by organic complexing. 
Peat 9 due to its high exchange capacity can retain high afu0~lnts 
of trace elements and subsequently can get highly enriched in trace 
elements, which may be nutritive or toxio. Trace element content of 
the mineral substrata, edaphic factors 9 and the extent of addition 
from atmosphere could be the major factors in deciding i'·~ composition. 
Factors that will decide the r ate and extent of solubility of 
different trace elements in peat are not known. 
Analysis of peat sample s extensively used in horticultural pur-
poses, showed that they are rich in trace elements. Henoe it was thought 
necessary to assess the tra c e element supplying oapacity of peat 9 
both for their micronutrients and taxie element s. Preliminary obser-
vations on the role of natural chelating substanoes in peat, as a 
carrier of micro elements to the plan·c and within the plant 9 was also 
attempted. 
I.2. Review of literature - - - - - - - - - - ~ 
I .2 .1 • Qr,g:a,!li-2. m.a_it.§_r_a~ ~ .ê.OE-_r.2_e_of _ir~c~ .§.l.§_m.§_n_is_: 
Considerable amount of work has been done to characterise the 
organo-metallio interactions with reference to the nature, type and 
stability of organo · roetal complexes formed. Worles of HIMES and BARBER 
( 1957), MORTENSEN ( 1963), WRIGHT and SCHNITZER ( 1963), RANDHAWA and 
BROADBENT (1965) 9 are some important ones to quote. Most of these 
works were aimed at explaining the mobilisation of heavy metals as a 
soil formation phenomenon. 
Plant availability and nutritional aspects that will arise due 
to the interaction between heavy metals and organic materials have 
been largely hypothetical and li t ·ble attention has been paid to the 
use of organic manures such as peat, farm manure 9 t ~ivn and farm 
compost, activated sludge etc, on the trace element nutrition of plants. 
ATKINSON et al. (1954) analysed large number of samples of 
cow, horse, swine, sheep 9 peultry and mixed manures. They reported 
average values, on dry matter basis, as 20.2 ppm B, 201.1 ppm Mn 9 
1.04 ppm Co, 15.6 ppm Cu, 96.2 ppm Zn and 2~37 ppm Mo. 
In a continued study (1958), moist manure at the rate of 240 tons/aore 
was incorporated in pots during a 24 month period and ladino clever 
was gro~vn. Six soil types were used for comparison and following 
results were reported. U:ptake of B and Ivln were reduced by farm manure 
application~ though soluble boron in soil increased. Cu and Zn were 
not consistant in behaviour. Zn showed marked depression in uptake in 
one soil, but showed equal or slightly enhanced uptake in other soils, 
Mo showed a consistant increase on manure application. Application of 
manure resul ted in an·· increase in soil pH and the reduotion in B and 
Mn content can be partly attributed to this effect. It was concluded 
that all the observations made in this study is more due to the change 
in pH than due to the direct effect of manure. 
KICK (1960) studied the minor element content of garbage, and 
sludge mixture obtained from town refuse 9 along with their N.P.K. 
composition. Based on th~ soluble ~ractions, it was postulated that 
an application of 50 tons/ha of this compost would 5Upply on an average 
about 240 g. of Cu, 740 g. Zn, 1200 g Zn, 70 g Pb, 300gB and 18 g 
Fe/ha. Uptake by Avena sativa nnd Sinapis Alba from these sourees were 
comparable with the uptake where metal salts were added at lower levels 
of recommendation. The amount of Pb taken up was higher than control 
but was not likely to be detrimental to plant and animal life. 
GRU}TES et al. (1961) reported the correction of Zn deficiency 
in oom and potato grown in an exposed subsoil, by the addition of 
20 tonsof farmyard manure which contained 1.9 lbs of Zn. Addition 
of farm yard manure re sulted in the highest forege and grain yield 
in oom and also increased the Zn content of leaves. Addition of Zn 
to manure did nat prove superior to manure alone, showing the 
interaction between Zn and manure. Zn ;;'~pplied by 20 tons of manure 
is apparently sufficient fo~ oom and potato. It was also speculatea 
that manure enhanced the availability of soil Zn. Even when a second 
erop was rais8d 9 addition of Zn raised grain yield only when manure 
was nat applied 9 indioating that previous addition of manure 
supplied enough Zn for succeeding erop o.s well. JENSEN ( 1963) assessed •that 
r enoved 
3-00tons/acraofZn êl.::t.'sVfrom Danish agricultural land yearly by crops, 
and about 750 tons are retumed in farm yard manure. It was expected 
that potentia l Zn problem may exist where no oattle are reared. 
FISKELL et al. (1964) made de'tailed studies on the minor element 
release from severa l organic N-sources lik e activated sludge, nitro-
genous tanlcage, peruvian guano 9 ca stor pomace and everglades Peat. 
When 30 % N was applied as organic N, as compared to complete ferti-
lizers, superior yi elds were obtained for water melon. Responses to 
added micro element salts and organics ran parallel, though it was 
not possible to establish which minor element gave re·sponse. 
NOWOSIELSKA (1966) studying the build up of Zn in long term manurial 
trials ( two years) showed tha·b available Zn (Aspergillus niger method), 
progressively increased up to 19 ppm, with increasing application of 
up to 60 tons dung/ha. On oomparison, soil reoeiving mineral fertilizera 
contained on an average 5-6 ppm of available Zn. MEELU (1967) studied 
the solubility and plant availability of Zn from different inorganic 
sourees in the presenc e of different levels of farm yard manure. It was 
shown that manure, though increased yield over control, did not inorease 
the Zn content of maize . Manure when applied in combination with different 
inorganic sourees decreased the yield, and Zn content of erop was 
inconsistant 9 to show any specific effect. Formation of Zn-organic 
6. 
matter eomplexes 9 rendering the soluble Zn fraetion of the sourees 
partly inaetive (probably due to ehelation) was evident. In the 
seeond erop the depressing effect of manure on the Zn supplying capa-
city of the sourees had narrowed down 9 probably9 because the aetive 
deeomposition phase of manure had be then passed over 9 with relatively 
less Zn immobilised subsequently. Ammonium aeetate~dithiozone 
extractable Zn showed no relationship with manure application. It is 
evident from the literature cited 9 that the infomation on the role 
of orgEmic matter on the micronutriant natrition of plants is meagre. 
Much work need be done on the nutritional implication of crganic matter 
addition on all the micro tlements. There is also a need to examina 
the role of different organics. 
I.2e2o Qr~a~i~ ~alt~~-a.~d_t~a~e_ele~e~t_n~t~iii~n_of ~l~nis_: 
In addi ti on :06 the role of organic matter as a souree of trace 
element s 9 their colleidal and/ or chelating properties I!lay infL1ence 
the traoe element nutrition of plants. 
Io2.2.1~ Organic matterandtrace element fractions 
-=-=-=-=-~=-·= --=-=-=-=-=--=-=-=-=-=-=-=-=-=-=-
Humio substances either in their natural state or when fraotionated 
as humic and fulvin acids Axhibit considerable amount of affinity to 
metal ions and hence influenoe the equilibrium between different 
fractions. CARLOSTADIO and KAMPR.li.TH ( 19 59) studied the interaction of 
peat and lime on Mn a.vailability as shown by extractionsa Addition of 
peat to an acid soil of pH 4.5 resulted in a large increase in exchan-
geab:;_e Nln content after 3 weeks incubation 9 when analysed in a moist 
condition 9 but this fraetion disappeared on drying. It is possible 
that the influence of organic matter in this case is largely by lowering 
the potential and thereby enhnncing reducing conditions. The exchangeable 
fraetion of Mn 9 then 9 will disappear as drying initiates oxidising 
conditions. Liming also reduced this fraction to v ery low levels, 
irrespective of moisture status and organic matter addition. It was 
interesting to note that dilute acid soluble fraction remained unchanged 
on peat addition under acid conditions 9 but in limed soil this 
fraction decreased at the higher levels of peat 9 indieating that 
peat has rendered a part of the Mn unnvailable to extraction by 
complexing in the presence of lime. 
Humic frnction of the soil orgnnic matter often exhibit a C,E.C. 
as high as 600 m.e/100 g. So their contribution to the exchangeability 
of trace elements could be considerable. BASU et al. (1964) determined 
++ ++ .++ the adsorption isotherm of humic acid ngainst Cu , Zn , N~ and 
Mn++. Adsorption isotherms were in general some what higher than the 
release isotherms 9 showing the extent of metal ions "fixed". 
The amounts 11 fixed 11 by humio acid, oempared to clays were much smaller. 
+ ++ 
The order of release from the respective humates for H and Mg was 
+ Mn) Ni >Cu, the actual e..mou~t s released by H being greater than 
++ those for Mg • It was concluded that, though the adsorption of metal 
ions by humic acid is high, a major portion is replaceble. 
COTTER and MISBRA (1968) studied the changes in Mn fraotions with 
addition of organic matter. A rapid and marked increase in the exchan-
geable fraction was obtained on addition of organic matter to an 
alluvial lonm of pH s.o. Increase in temperature enhanced this reaction. 
The reason was attributed to a drop in potential, though incubations 
were done at field moisture capacity. Under conditions of flooding 
. . 2+ 
the influence of organic matter in increasing the d1ssolut~on of }fua 
and Fe2+ is well lmmn. (N.;EEK et al. 1968). 
MISRA and }:1ISHRA ( 1969) reported a close relation between organic 
matter nnd retentien of ]/In in exchangeable form. The destructien of 
orgnnic matter or its addition, decreased or increased the exchangeable 
mangnnese. After studying the retentien value1 exchangeable fraction 
nnd reducible Mn 9 the authors postula·bed that organic matter in soi1 
is more connected with exchange process, rather than with complex 
formation, as far as the dynamios of soil ]fua was concerned. 
I.2.2.2e Orgo.nio matterand trace element inactivation 
-=-=-=-=-=-=-=-=-=-=-=-=-=-=-~-=-=-=-=-=-=-=-
Several metal ions, perticularly micronutrients such as capper 
and zinc 9 though get enriched in organic materials (peat), are known 
to undergo considerable inactivation and immobilization 9 due to 
complexation~ 
In some of the works reviewed earlier, the decrease in Zn uptake 
that followed the application of farm yard manure (MEEI,U 9 1967), aan 
8. 
be attributed to the inactivation of Zn. Direct evidence for suoh a 
phenomenon was produced by SHAW et al. (1954), who, werking with 
various soils, reported that applying 4 tons of organic matter per 
acre significantly reduced plant uptake of zinc65 in one of the soils 
stuclied and showed slight tendencies in ethers. Soil that showed 
inactivation of Zn had pH of 4.9 and soils where immobilization was 
not clear had a pH of about 7.5. The mechanism of immobilisation, how-
ever was not explained. A decrease in the uptake of zn65 when organic 
matter was allowed to decompose in the soil prior to seeding was 
reasoned to cause Zn deficiency (DEREMER and SMITH, 1964). Fractienation 
studies on t he soil reveale1 that water and acid CaCl2 extractable 
zn65 were reduced with decomposing organic matter, and zn65 associated 
with organic and non extractable fractions, increased. The state of 
decomposition of organic mat ter seems important 9 as all these trans-
formations were noticed only if organic matter was pre-incubateel with 
the soil befere seeding . This study however did not clarify whether 
the observed immobiliGation of Zn is due to microbial immobilisation 
or due to the direct complexing by organic matter or both. 
WELLS (1965) studied the adsorption of zn65 on clay minerals 9 fibreus 
peat and compost, and concluded that the Zn retentien strength varied 
between them, but all re"vained strenge.: than clowex 50 x 8 resin. The 
colloids even at low concentratien significantly affected plant uptake 
of Zn65 • Basedon the percentage re~)very of Zn from them, they could 
be ranked in the deseending order peat> kaolin > putmam > illite > wyoming-
bentoni te> compost. 'l'he marked difference in the Zn retentien capaci ty 
of peat and compost, though both a re organic materials, is notewort ' .. y. 
SZALAY and SZILAZYI (1968) postulated that insoluble humic acids 
in peat can act as a natural cation exchange resin of carboxylated 
type and the retentien can be quanti·batively assessed. In natural state, 
the cations can virtually disappear from the subsoil water by cation 
exchange sorption and becom:es concentratea in the insoluble humic acids. 
This study also brought to light that the insoluble peat humic acid 
from moor and drained marsh land peat is capable of retaining Zn, Mn, 
Cu, Co and Mo, uith Zn having t he highest affinity. Most of the retentien 
oocured between an equilibrium pH of 3 to 5. This retentien can cause 
potential deficiency 9 perticularly if the peat contains unoxidised humic 




acids. In the presence of adequate amount of calcium, the cation 
exchange capacity will be satisfied and enrichment of minor elements 
will be retarded. One of the best example of Cu immobilization by 
organic materials is shown in the work of DYilli"'MAN and :DE SOUSA (1966). 
Immobilization of copper by chela tion with the naturally accuring or-
ganic compounds appeared to be the most important factor in preventing 
the uptake of metal in toxio amounts by Harch, B}ack spruce and ground 
cover species even though the Cu concentratien in dry peat in which 
they were grown was up to 7 percent. Immobilization of Cu in roots 
and inhibition of translocation in toxio amounts to leaves were 
assumed to be possible secnndary factors. 
Deficiency of Cu is commonly reported in several organic soils 
and peat and many of them respond to the application of soluble Cu 
(CHESHIRE et al. 1967). 
I .2 .2 .3 o Natural organic chE,lates as carriers of trace elements to 
-=-~-=-=~=-=-=~=-=-=-~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
and within plants 
-=-=-=-=~=-=-=-=-
One of the earlier works related to this is that of BURK et al. 
(1932) who showed that humic substances are capable of supplying Fe 
to plants in solutiJn cultures of high pH and P. DE KOCK and STfu~CKI 
(1954) demonstrated t hat the growth promoting effect of lignite was 
the result not of its trace element content but of humic substances, 
that made iron in the substrate more readily availabl~ even in the 
presence of high phosphate. When humic acid was not added, roots of the 
cholorotic plants accumulated high concentratien of iron, probably 
immobilized as complex ferric phosphate. This indicated that the role of 
humic acid was not merely an ion enchange at the root surface, but pro-
moting the translocation of iron to the leaves. Water extracts of peat 
and humus like substances synthesised from sucrose were equally effective 
in preventing iron chrorosis. EDTA produced the best results. Increase 
in translocation of Fe observed due to addition of humus substances ,.was 
not observed for all elements. DE KOOK (1960) further showed that the 
taxicity produced on mustard plants by the addition of an acid extract 
of lignite containing all the chromium and nickel was much reduced in 
the presence of humic acid, 
10. 
In the same study, further evidence was produced that supply of Fe to 
mus't-ard was considerably enhanced when Fec1
3 
was supplied as Fe hu-
mate as oempared to Fec1
3 
alone 9 at equal concentratien of Fe. There is 
also evidence produced that ionic form of Hi 9 Cu and Co are more 
ava ilable than t heir chelated forms contrary to the results obtained 
with Fe. No sati sfactory explanation has been hitherto effered as 
to why such varintion exist s in the relation between different chelated 
metal ions and their uptake by plants. 
MILLER and OHLROGGE (1958) showed that water extract of farmyard 
manure, dried and ground alfalfa and animal feces contain oomplexing 
agents which can remove Zin~ from soil. By principle of resin exchange 
equilibrium it was e stablished that Zn formed complexes with manure 
colloids after separation from the soil. There were at least two types 
of complexing agents and they appear to be of plant origin. Studying 
the nutritional implication of these complexesp these workers brought 
out some int eresting conclusions. Additions of all the above-mentioned 
materials resulted in the retardation of both Zn and Fe and Cu uptake 9 
both in salution cultures and soil. Obviously9 complexing of these metals 
by the orgo.nic ligands in the manure has rendered them unavailable to 
plants. On the contrary, Mn uptake per plant increased and the increase 
was more than what could be attributed to the ~ID1 that might have been 
added through manure extract. Either the addition of manure extract has 
increased the ltn o.vailo.bi l ity by effecting the oxidation-reduction 
system or ho.s formed chelates with some of the several v.alency forms 
of Mn 9 which have different property than Zn complex. Latter explanation 
is more valid in salution cultures. 
BURAU et a l. (1960) conducted experiments similiar to that of 
DE KOCK (1954), but obtained different re sults. They oempared the 
uptake of Fe in a calcareous soil when Fe was added as soluble salts, 
and as soluble derivatives of the humate component of peat and two 
synthetic chelates (EDDHA-Fe and HEEDTA-Fe). Concentratien of Fe 1n 
soybean tops after 4 weeks period was essentially the same from both 
humate derivativas and from ferrio chloride applied as an acid solution, 
when oempa red at the same rate of Fe. Recovery efficiency of added Fe 
(a s indioated by r adio iron) was highest for synthetic iron chelates. 
-- -------- -
11. 
It cnn be however argued that, since the soil used was highly 
calcareous, the high concentratien of Ca in the soil could have 
competed for ligands, reducing the complexing of Fe, and this might 
have been partly re sponsible for the ineffectiveness of humate. 
PossibilHy of organic matter increasing the uptake of ca137 , 
by forage plant s (BARBER 9 1964) and decreasing the coefficient of 
diffusion of Sr90 (PROIITfOROV and FRID, 1966) have also been reported. 




Though no dire-Jt evidence has been produced so far, it is possible 
that the organic oolloids supplied by the organic materials can 
supplement the metabolic mobile complexes in transporting metal ions 
in the plant. Plnnt roots are able to absorb organic molecules of 
relatively low molecular weight, like fulvic acid (FUHR and SAURBECK, 
1966) and the increas ed root initiatien property of fulvic acid was 
assumed to be due to its ability to translocate some metal ions that 
are essential for root initiatien (SCHNITZER, 1969). HOFlTER (1968) 
establi shed the existence of mobile complexes of Zn, Co and ]Kn in the 
exudate of decapitated plants. SCOTT and ZEIGLER (1963) showed that 
natural chelat ing agents deriving from natural organic feedstuffs are 
capable of enhancing bath absarptien and metabolic utilisation of 
zinc in chicks. Since, feeding ED'I'A produced very similiar results, they 
concluded t hat natural feedstuffs contain natural cheiates which nor-
mally function to imprave transport o.nd utilit::ation of mineral nutrients. 
There is no positive evidence that addition of organic materials will 
supplement similiar effect s within the plant, or would gr~ance or 
decrease the metabolic complexes identified by HOF}~ (1968). But such 
functions seem possible (DE KOCK, 1954, 1960). 
In general 9 sufficient evidence exists to believe that humus compounds 
of their extracts formed complexes with heavy metals. Metal ions entered 
into chelation reaction with organic molecules similiar to the reaction 
between metal ions and synthetic chelating agents. But the nutritional 
implication of the no.tural chelo.tes is sub jected to furthur verification, 
as the limited results so far obtained are inconsistant. 
12. 
For example, Fe-humic complexes seem to enhance t he entry of Fe to 
plants, or at least did not ret ard Fe entry. This may be due to 
increased entry of Fe to the root ns well as the increased mobility 
of Fe within the plant. Uptake of Zn 9 Cu, Ni and Cr, by the plants 
nppenr to be reta rded if these ions are complexed. Results with 
Mn a re not clear nnd warrant f1.uther study. Mo, B and Co are known 
to get complexed by the soil organic matter. How far this would effect 
their uptnke by plants are not studied ; needless to say that nothing 
is lcrrown nbout their mobility within the plant as influenced by humic 
substances. 
If certain species of plant s are capable of absorbing ions only 
in ionic forms, complexing of t he ions in the root vicinity would 
probably ret8rd ion uptake, because, in t he case of complexed metals, 
a pre liberation of ions will be necessary before t hey can enter the 
roots. Yet 9 the complexing of met a l s in the soil is advantageous in 
some instnnces 9 a s t his will partially prevent soluble form of trace 
elements getting transformed to forms which are less available than 
chelated forms (eg . secondary precipitate in ca lcareous soils). 
However 9 the influence of humic substances on the translocation 
of heavy met ~ls within the plant, though assumed to play a part, needs 
much more evidence to confirm. 
The nature of or ganic materials and the environment i n which they 
a re formed will determine t he nature of organio molecules they supply9 
i.e. t h e organic molecule or~ginating from farm t~mnure, peat, compost 
etc. are not likely to be similia r in their interaction with metals in 
the soil and plant. 
Little information is available on the variatien between plant 
species ancl. their absorption of various metal ions from organo-metallic 
complexes. 
An evalua tion of the nutritional significanee of the organic sour-
ees of micronutrient s would neces sitate a better understanding of all 
t he above-mentioned functions. 
1.3~ Experimental details - - - - - - - - - - -
The soils used in this study were a olay loam and a sandy soil. 
Acid washed pure sand was used as the third nedium. The charaoteristios 
of these three mediums are reported in table 1. Peat material used 
vms collected from the glass house where it had been subjected to 
decomposition for 3 to 4 years. After collection, the samples were air 
dried and sieved. Treatments consist of samples of clay loam, sandy 
soil and pure sand mixed with previously prepared peat, at the rate of 
5 %9 10 % and 20 % by weight. Appropriate combinations were mixed 
thoroughly to attain homogeneity and transferred to flat bottomed glass 
vessels, 12 cm. in diameter and 6 cm. high. Each vessel had 100 g soil 
and required amounts of peat 9 and all treatments were replicateel four 
times. Extra amounts of samples were added to give allowence for 
samples to be ~rawn for extraction and pH measurements. To achieve 
better homogeneity and interaction between organic matter and soil 9 the 
samples were incubated at field moisture capacity for thirteen days. 
In the case of sand-peat mixture 9 enough water was added to obtain good 
moistening. Moisture l evel during incubation was maintained by periadie 
adclition of water to pre-determined vreight 9 ancl incubation was at labo-
ratory temperature. 
JE~!:':~~-~~~12-~ :. Extractions were done with 0.1 N. HN0
3 
and N r.m4oAo 
(pH 4.8) at 1:5 ratio at the following stages : 
1. Air-dried samples of soil-peat mixture (before incubation) 
2. Moist samples after incubation 
3. Air~·dried post--harvest samples aft er seperating the roots. 
pH measurements vrere done in water ( 1: 5) prior to sowing 9 aft er the 
completion of preliminary incubation. 
After the thirteen days of incubation period, the contents 
of each of the vessels were mixed with 50 g of pure acid washed sand and 
hundred barley seeds were sown as in a conventional Neubauer test 
(COTTENIE and GABRIELS, 1966). Plants were harvested 21 days after sowing, 
dried at 70°C for 48 hours and weighed for dry matter. 
TABLE 1 Some characteristics of the soils 9 sand 9 peat a nd seed us ed 
r---------------r-----------r-------r--------------------------------------------------------------------------, 
:Details of : pH l d C l Tot a l content of trace elements mg/kg l 
l samples : KCl ' H
2
o l 'J l Zn Mg Al Mo B Cu Co Ni Mn Pb Fe : 
L - - - - - - - L - - L - - L - - - L - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - _I I I I I I 
I I I I I I 
l Cle.y loam l 4' .5 1 5.5 l 0.64: 60 2250 18800 60 70 15 55 55 340 33 182 00 l 
I I I I I 
l Sandy soil l 4].6 : 5.2 l 1.11 l 50 600 8000 50 20 13 43 30 80 35 6000 l 
I I I I I I 
l Pea t l 4\5 1 5.2 : 20.50:480 1977 .4196 26 T: ~ 77 Tr 88 158 136 5272 l 
I I I I I 
l S and * : 1 l - l 1 • 5 5 • 0 1 5 • 0 1 • 5 - 0 • 5 - 2 • 5 2 • 0 0 • 5 5 • 0 l 
I I I I I I 
:seed (Barley) : 1 l - : 25 630 3.4 Tr 2.7 4.5 Tr Tr 25 Tr 1l8.3l 
I I I I I 
L---------- -----L--- ---L-----L------ -~ ---- - -- - -- - - - ----------------- - --------------------------------- - - - ------ - -1 
Clay loam : · 5 l ab - Zurbende 
Sandy soil ·: Herentals 
* ·: 0.5 l'T I-IN0
3 
extractable 
Tr : Traces 
TABLE 2 Dry weight of shoot and root and esh percentage of 
barley seedlings ns influenced by peat addition 
•----------~----------~-------------------r-------------------r----------~· I I . I 1:.r I 1 • Shoot 1 Root p: . 1 
l Soil }pent in Dry matter .. "...sh l Dry matter Ash . I 
• 1 1 pre-sowJ..ng 1 • •percentage in g percent 1 in g percent • 
I I 1 I 
1- - - ~ - - - - - - - - - - - - - ~ 
I I 
I I 
t Clay loam 0 0.835 9a7 1,389 6.3 5.9 1 
I 
I 1.475 7.0 5,9 I 
I 







































I 5 0 .593 8,3 1,559 3.8 
I 
I 













I 20 0,758 9.9 1.394 5e4 
I I 1 1 I 












** Significant at 1 ~t 
* Significant at 5 % 
-- -------------------
16. 
Seperation of the roots Soon after the harvest of the tops 9 vessels 
were plunged in running water and the roots were seperated. It was 
very well possible to seperate the roots without any visible damage, 
since they occured in one oontinuous healthy mat. Roots were the~ 
washed clean with a jet of water and further rinsed in the order two 
times with single distilled water, onoe with very dilute HCl (60 seconds) 
and then again with deionised water. Samples so prepared were clean, 
and were dried at 70°0 and weighed. • 
Analysis Sheets and root samples were analysed for Mn, Zn, Cu, Fe, 
Pb 9 Al and Ni in ash by Simultaneous Direct Reading Spectrograph 
(COTTENIE and GABRIELS, 1965). 
Extracts werE: analysed for all the above mentioned elements, directly, 
as described by GABRIELS and COTTENIE (1965). 
1.4. Results and Discussion 
1.4.1. GrE_w_!h_of E_h.2_o_! ~n~ E_o.2_t_: 
Table 2 indicates the trend of shoot and root growth as influenoed 
by peat addition. 
Weight and percentage of ash of shoot in general inoreased with increase 
in the organic matter level. Irrespective of the treatments, weight of 
roots were higher t han shoot 9 but showed no significant relation with 
peat addition. 
As evidenced by the percentage of ash values, addition of peat 
increased the total mineral status of the shoot portion, but not that 
of the root portion. 
I .4.2. ~_!;.r_9:,c_iaÈ_il:_i_!y_aE_d_pl:_aE.t_u,Et~k~ .2_f_t~aE_e_el:_e~eE_t2 
1.4.2.1. ~~!~~~!~~1~=~~~=R1~~!=~~!~~;-~~=~~~~~~~: 
Relevant data on extractable, and uptake of manganese by barley 
seedlings are reported in table 3. 
1o4.2e1.1. Extraetabie Manganese 
Clayey loam contained much higher quantities of extraetabie 1m 
than sandy soil. H NH
4 
OAc- extracted approximatly double the qua.ntity 
TABLE 3 Influence of peat addition on the extractable and plant uptake of Manganese 
... ------------------------------- ------- -·-------------------------------,----·- -------------------------------, 
I I I • I . I I 
1 1 1 Extractable lVtanganese-p:pm alr dry s ample 1 Plant Manganese 1 I I 1--------------------------------"1------------- ··-- -· -- -,--- - ------ - - --1---- -·--·- - --- -- - - - -----, 
I I I l ..... . 1 I 
I ' ' 0 1 ~- HNO I 1 1\T NH QA - ~vonc-npm ln I U t k '~ I 
I S"l lp tal.' • 1\J 3 ' .l~ _ _ 4 .t~ c ,, .tt I paer .. g• I 
1 Ol 1 ea ;o 1 1 p..ry ma er 1 1 I I 1---- ------f--- - -- ----t------- --- --·1- - ··---·· ---r- - -- --·· - ·· - """ï' -·· -- - -, · · - - --- , ---- - - - ,-------r-··----, 
l l : Presowin€) Presowin~ Post harvest~resowing, Presowingl Shoot 1 Root l Shoot 1 Root 1 Total l 
I I I . d . b t .::1 . • d I . d . b t dI I I 1 1 1 alr ry 1 lncu a eu1 alr ry aalr ry 1 mcu a e , 1 1 1 1 1 
.... - - - - -1 - - - - 1- - - - - - - - - - - - - - - - -t - - - - - - - - - ·- - - - - - - ·- - - - - - - - - - - , 
I f I 6 I I ..., I 6 I I I I 1 I 




Sandy roil 0 23 .o 




20 35.0 I 
I 
0 I -I I Pure sand 
I 
5 I - I I 
I I I I I I I I 
65.0 I 60 .0 : 150.0 I 115.0 :167.8 I 67.8 : 131.9 I 100.4 1 232.3 
71 .o 75.0 
86.0 80.0 
14.0 20.0 




40 .. 0 I 26.0 
- 2.0 I 
- I 2.5 
I I 











195.2 I 78 .2 
118o3 l 60.3 
I 
161.3 I 65.3 
"I 
175.6 . 63.3 
167.9 I 55.6 
56o2 34.0 













69.9 I 213.2 
I 
107.3 I 286.6 
84.9 I 170.5 




















10 : - I - I 4o0 150.9 49.2 I 
I I I 
100.3 72.,4 172.7 I 
I I I 
I 
I I 20 : - I - I 7 • 5 
I 
1 I 131.9 I 58o5 : 99.7 I 81.6 I 181.3: L----------L _______ J _________ J _________ J ___ _ ______ • 
J- ----- ---L---------~-----~------~-------~-------~-------1 









** Significant at 1 ~ 
* Significant at 5 % 
18. 
of Mn than 0.1 N HN0
3 
in clayey loam ; but in sandy soil both extraa-
tions solubalised identical quant i ties of Nin. The increased solubili ty 
of 1fu with 1ITI
4
0Ac- in clayey loam soil may be attributed to the 
nature of manganese bearing compounds in soil. If in the clayey loam 
major portion of the extractable Mn is held in exchangeable form, 
N mr
4
oAc- 9 owing to its higher ionic concentration, will replace more Mn 
to salution than 0.1 N HNo
3
• In the case of sandy soil 9 solubility of the 
manganese compounds 9 rather than the exchangeability of manganese frac-
tions might have decided the extractability. Hence 9 ~rrï40Ao-,inspite of its 
higher ionic c0ncentration could have mobilised only that which is ex-
changeable. Obviously, clayey loam held large quantity of manganese in 
exchangeable farm irrespective of peat addition. Re-oxidation of Mn on 
re-moistening soils 9 and the increase in microbial immobilisation that will 
follow re-moistening seem to be the reasans for the lower extractability 
of incubated control samples. 
Increase in the NH
4
0Ac- extractable fraction observed in incubated 
sandy soil is in line with the findings of CARLOSTADIO and I~RATH 
(1959), who observed an increase in exchangeable Mn when peat was added 
to an acid soil of pH 4.5 and incubated. On liming, this effect vanished. 
So ei ther the }ffi 
4 
OAc- extractability of peat had increased on incubation9 
or peat had increased the exchangeable fraction of indigenous manganese, 
probably by decreasing the reduction potential. Increase in the HN07-
J 
soluble 1fu with peat addition can be attributed to the extractability of 
peat sample itself where mm
3 
(0.1 N) extractable fraction was as high 
as 108.7 ppm of manganese, whereas 1m
4
oAc- extractability was only 12.5 ppm. 
Acid extractability of post-harvest soil samples fromsand medium 
should confirm the contribution of peat to the 1fu sourees of extracts 
and plants, 
Though no ~ttempt has been made to work out the correlation between 
extractable 1fu and plant content, close similiarity between the two is 
evident, lending support to the idea that influence of peat on plant 
manganese has been notably by increasing the soluble manganese fraction. 
I.4.2.1.2. Plant uptake of Manganese ............ ................ ~- ................... . 
Overall effect of organic matter was that of increasing the 
concentratien and uptake of Mn . Total uptake cmd concentratien of 
Mnwere always higher in shoot than in root, indicating that ~m 
maintained good mobility within the plant without encountering 
immobilisation in the root. Even though root weight was nearly 
double that of shoot, the uptake of Mn by shoot was higher than that 
of root portion. There was an increase in shoot content of Ilfu. with 
the addition of peat in both soils and sand, but root concentratien 
though showed a similiar tendency slightly, did not show any specific 
relationship. Nevertheless, total uptake of Mn increased with peat 
addition, 
Peat with 158 ppm total 1~ (12.5 ppm }TH
4
oAc- extractable) should 
have no doubt acted as a souree of 1fu to plants. ]fu content of the 
controls (sand), sandy soil and clay loam were in the order of 56.2, 
118.3 and 173.9 ppm respectively. Addition of organic matter markedly 
narrowed down this variatien between the soils, indicating the marked 
response to peat. Clay loam containing the highest amount of indigenous 
Mn naturally showed the least response, except at the highest level, 
and pure sand where peat was the only souree of Mn showed the highest 
response (Table 3). 
In the case of sandy soil and sand, addition of 5 percent of peat 
markedly increased the 1m cvntent of shoot over control and from 
thereon increased wit h increase in peat, less markedly. But the root 
content of Mn in both cases increased less than proportional to shoot 
content and remained more or less constant between all treatments. 
This was well evident in sandy soil . Entry of 11:n to the root seems to 
have been succeeded by a continuous translocation to the shoot and 
organic matter apparently promoted this translocation. 
In sand medium, in control, Mn uptake by shoot was lower compared 
to the root. Addition of 5 percent peat reversed the situation and 
further addition increased the Mn uptake in the shoot but nat in the 
root. The ratio between Mn content and uptake of shoot/content and up -
take of root, increased progressively with peat, showing that there has 
been more than proportionate entry of 1hl to the shoot (Table 4). Ratios 
obtained were not very consistant in clayey loam. 
20. 
As far as i t is lmown, the relation between organic matter and 
distribution of 1hl within the plant has not been studied hitherto. 
The nature of binding between Mn and organic colloids have not been 
elucidated and is more difficult to study because of the presence of 
manganese in different valency forms. 
TABLE 4 Ratio between ~.fu content and uptake of shoot/content and 
uptake of root as influenced by peat addition. 
--------------------------------------------------------------------1 I 
1 lfu ratio 1 
I f ~--------------------------------~ 1 1 Peat ~o 1 1 a 1 
1 1 1 Slayey loam ISandy soil 1 Sand 1 
~-- - ------------------ -- ~-~--- ----~-----------~----------~---------~ I I l I 
I l I I 
1 Uptake 1 0 1.96 1 1.00 • 
I I I 
I I I 
I I 5 1.31 I 1,25 
I I I 
I I I 














l 20 1 .67 
I 
I 



















However, increased translocation of Iron, when supplied in association 
nith humic substances has been reported (DE KOCK, 1960). 
In the clay loam soil, t he shoot content of Mn did not increase 
except at the highest level of peat, and there was a corresponding 
increase in root content as well. As mentioned earlier, this soil 
shoYied a minor response to peat, as the mancanese supplying capaci ty 
of the soil itself was high, 
1.4.2.2. Extractability and :elant uptake of Zinc -=-=-=-=-=-=-=-=-=---=-=-=-=-=-=-=---=-
Table 5 gives, the details of extractable and plant content of 
zinc. Only 0.1 N mw
3 
extractable fractions are reported. 
1.4Q2.2.1. Extractable Zinc 
Extractability of zinc was characterised by a significant con-
tribution of soluble zinc by peat. It should be noted that peat usod 
here was very rich in zinc, with 480 ppm total Zn, of which 120 ppm 
was ammonium acetate soluble. 
TABLE 5 Influence of peat addition on the extractable and plant uptake of Zinc 
r-------- --- ,--------,---- - -- - - ---------------------------~- ------------------------------------------~ 
: l : Extre.ctable Zinc-ppm/air dry sample l Plant Zinc l 
I I ~---------- --- -------- -- - - ---- -- --- -- -~------ - --- - - -----~-------------------------~ 
: S . 1 : p t d l 0 .1 N HN03 lconc. ppm in dry : Uptake.-4g. l I 01. I ea 70 I I .t.. I I 
t i I I ffi[t v ter I I 
1 1 r-----------r------·----•------------~-----------------~-------------------------~ 
1 1 1 • I • l I l I I l I 
1 1 1 Presmnng 1 Presovnng 1 Post-harvest 1 Shoot 1 Root 1 Shoot 1 Root 1 Tota l 1 
I I l . l. I . I I I I l I 
l-- ---------- -{- --· ------:- -~=::-~::~ -- -~ :::~~~~! ~~- ~-~=::~~::~-- --~------. -~------- _J_ -----_j __ --- ___ J--- -----J 
1 1 l I l I 6 l I I I 
1 Clay loam 1 0 I 12.0 I 4o5 I 1.5 I 4 o9 I 59 o8 I 39.5 I 82.2 121 o7 I 
l I I I I I I I I I 
1 1 I I I I I' I I I I 





























i I I I I I 
I I I I I I 
l 64.0 I 63 . 0 82 .7 I 178.0 I 63o9 l 245•4 309.3 I 
1 I I I I I 
>80.0 >80.0 
23 .0 22 o5 
55.5 53.5 
75.0 75.0 
>80.0 95 .0 
1 • 5 
20.0 
28.0 
I I I I 
84 • 6 ; 1 7 7 • 5 : 7 7 • 8 : 2 5 7 • 0 3 3 4 o 8 I 
I I I 
53.9 : 109.5 : 39 .0 : 
I I I 
: 57-9 : 123.5 : 38.4 : 
I I I I 
: 60 .. 4 : 149 .5 : 43.8 
I l I 
: 68.0 : 169.5 : 55-3 
I I I 
: 40.2 4 7. 9 : 21 • 9 
I I 
: 56.6 121.5 : 33.7 
I I 
















I I l I 
47.0 : 56.8 188 .. 5 : 43.1 : 263.1 : 306.2 1 -------------L----------------1-______ J ________ J ________ J ~------- --- - -~--------~-----------~----- -----









** Significant at 1 % 
* Significant at 5 % 
22. 
Ammünium acetate extracted 13.5 and 42~5 ppm of Zn in air-dry samples 
of clay loam and sandy soil respectively. Inspite of the high 
extractable Zn 9 in control as well as uith peat, in sandy soil, plant 
uptake was not correspondingly higher. Reasous for such a behaviour 
are discussed subsequently. 
1.4.2.2~2. Plant uptake of Zinc 
As in the case of manganese, the overall effect of organio 
matter wa s to increase the concentratien and uptake of zinc in shoot 
and root in bo~h soils and sand medium (Table 5). Zn content of roots 
were 2 to 3 times mJre than that of shoot 9 showing a dominant tendency 
of zinc to get immobilised i n the root. It is evident that zinc 
exhibited muon lower mobility within the plant as oempared to Mns and 
organic matter has increased this immobilisation phenomenon in propor •• 
tion to total uptake. 
The uptake pattem of zinc in soils, and particularly in sand, 
clearly shows that peat had served as a rich souree of zinc, reasans 
for which are well evident in the extractability. GRmms et al. (1961) 
has reported that addition of 20 tons of farm manure corrected zinc 
deficiency in corn and potato on a calcareous soil. Some workers on the 
contrary have brou~ht evidence that addition of manure 9 due to the for-
mation of zinc organic complexes, has caused inactivation of zinc 
rendering them unavailable to plants (SHAW et al. 1954 ; DALE DERE1~ 
and SMITH, 1964 ; MEELU 9 1967). Hone of these works, however, reported 
the Zn content of orgnnic sourees used. If the added organic matter 
brings about an abundance of complexing sites, as compared to the con-
centra tion of soluble Zn in the medium,reduced availability of zino 
may result 9 Orgnnic sources, similiar to the one used in this study, 
will evereome such eff.ect s by the high concentrat ion of soluble zinc. 
Other organic sourees similiarly rich in Zn are known to increase the 
Zn content of haver (straw and grains) and sinapis by the addition of 
garbage compost. Application of sewage sludge containing about 800 ppm 
of acetic acid soluble zinc (due to industrial contamination) was shown 
to increase the Zn content of field crops like beet, potatoes, and carrots 
to levels as high as 600 9 190 and 130 ppm in dry-matter respectively 
(LE RICHE 9 1968). 
Zn content of barley seedlings, as influenced by peat addition, varied 
significantly between soils. Table 6 gives the percentage increase 
in Zn content over the respective controls due to peat addition. 
Lowest response shown by sandy soil was probably due to its relatively 
hj.gher amount of soluble Zn and higher immobilisation of root Zn. 
Percentage increase in Zn content was higher in clay loam, as compared 
to pure sand medium, even though peat was the only souree of zinc in 
sand medium. 
Table 7 showing the ratio between the ooncentration of zino 
in shoot and root is rather interesting. Irrespective of the increase 
in the absolute amount of Zn in shoot, this ratio droppGd significantly 
with increase in peat addition, showing a less than proportionate 
translocatie~ of zinc to the shoot a s compared to their content in the 
root. A sudden drop in the ratio, with the first increment of peat is 
clearly seen in clay loam and pure sand. Complexing of Zn in the sub-
strata has been known to retard their entry to the plants (MILLER and 
OHLOROGGE, 1958 ; WELLS 9 1965). Results obtained herepointtoa 
different meohanism, as the immobilisa-tion of Zn was observed after their 
entry to the root, and addition of organic matter had encouraged this 
phenomenon. 
TABLE 6 Increase in Zn concentratien and uptake in relation to peat 
addition, expressed ás the percentage increase over the control. 
r-----------------y------- -- -y---------------------,---------------------1 
l l l Concentratien : Uptake : 
1 Soil 1 Peat % T----------~---------- 1----------,---------- 1 
: : l Shoot : Root : Shoot l Root l r-----------------r--- -------r----------r---------------------,----------1 
Clay loam l 0 : l 
I I I 
: 5 44 88 3 5 • 0 I 98 • 0 : 
I I 
: 10 76 198 62.0 210.0 : 
I I 
: 20 80 214 97.0 213~0 : 
Sandy soil 0 
5 7 13 0 1 
I 
10 12 37 12.0 : 
I 
1 2 0 2 6 5 5 42 • 0 : 
I I 




: 5 40 154 54o0 : 155.0 
I I 
: 1 0 3 2 1 9 ~ 61 • 0 : 1 77.0 
I I I 









TABLE 7 Ratio between the zinc content and uptake of shoot/content 
and u:ptal~e of root as influenced by peat addi ti on 
r-------------------r----- - ----T--- --------T------ - ---,-------- - ~ 
1 1 Peat ~0 lClay loam :sandy soil 1 Sand 1 
~-------------- -----r----------T-----------T----------i---------~ 








: 0.21 0 .17 ~ 
I I 
: 0,21 0.17 : 
I I 












: : 20 0.45 l 0~40 : 0.30 
1
-------- - --- - -------
1
--- - -· _ ------ _ - - _ - - _ -- __ L ___ .• - __ -·- _l _---- ·- ---.J 
Reasans for the significant immobilisation of Zn i n the root may 
be several. Much will depend upon whether the major fraction of Zn in 
the root is in ionic form or as organic complexes. Some evidence 
indicates that plants prefer their entry in ionic form (DE KOOK and 
MITCHEL 9 1957) but then 9 a recomplexing after their entry is possible. 
Immobilisation of Zn due to the formation of Zn-protein complexes, 
resulting in a decreased rate of translocation, has been shown to 
cause Zn deficiency in subteranean clover ( OZANI-ill, 1955). Though no 
quantitative relationship has been established between N and Zn com-
plexing 9 it is likely tha t a s imiliar phenomenon is operative in this 
study as well, however it i s nat clear why such a, complexation should 
take plo.ce in the root. ]B.OUGII (1950) showed tho.t 77 percentage of Zn 
retained i n root s of peas was in the insol uble residue 9 whereas 60 
to 35 percentage in the shoot was watersoluble. It is obvi ous that 
several factor s vlill contribute to Zinc i<nmobilisation in roots, 
Organic matter may enhance such an immobilisation as revealed in this 
study 9 or i nhibit the entry of Zn to the roots as reported by ( ~!IILLER 
and OHLOROGGE 9 1958 ; WELIJS 9 1965), Whether organic matter can cause 
a decrea se in the Zn content of plants by such phenomenor will be 
largely decided by the amount of Zn in the organic m~t~rial itself. 
1.4.2.3, Extractabilitl and Elant uptake of Iron 
-=~-=-=-=-=---=-=---=-=-=-=-=-=-=-~-~-
Analytica l result s for iron in the extracts and plant are repor-
ted in table 8 . 
B bliolheek 
F.:lc. land b; 
l rm . GENT , ___ _ 
TABLE 8 Influence of peat addition on the extractable and plant uptake of Iron 
r----------r--------r-------------------------------------··-------------1----------------------------------, 
l l Extractable Iron-ppm in air dry sample l Pla nt Iron l 
1 r---------------------- - ---------~------- - ----------,------------·!~--------------------1 
l . ai' l 0.1 l'if HlTO l 1 N NH
4
0Ao- lConc .ppm in l Uptake ,A.. g. l 
1 Soll Pea t rljo 1 3 1 1dr tt 1 I 
i I I I Y ma er : t I I r---------r----------r------- -- - - ~------- - -~--------~-------r----~ r- ----1------~-------~ 
l l P.cesorring: Presouing l Post harvest:Presowing l Presowingl Shoot: Root . lshoot l Root l Totall 
1 I . _, I . b t d I . d I . d I . b t dl I I I I I 1 1 8.lJ' · try 1 Jl1CU R e I alr ry 1alr ry I IDCU 0. 8 ! I . 1 1 I I 
r--- - ----- -r--------r---------r----------~- - ---------~--- ------r--------~-------r----·~~-----~------~-------~ 
I I I I I 6 I 1 0 0 I 47 8 ! I 40 3 I I 1 Clay loam 1 0 1 70o0 50.0 1 110.0 I 1 0.0 I 1 • 1 o 1 - I o 1 - - 1 
I I I I I I I I I 
1 1 I 6 I I 70 O 70 O I . I 5 ç: I I I I 5 I 5 • 0 50 e 0 I 90 o 0 I 115 • 0 o • I - I 7 • 'J I - - I 
I I I i I l I ~ I 
1 1 I 6 I I 6 I 21 6 I 6 6 I 1 I 10 l 0.0 40.0 I 85.0 I 75.0 40.0 89. 1293. I 72. I 388. 4 1.,2 I 
1 I I I I I I I I 
I I I I I I I I I 
I I 20 I 42.5 40.0 : 85 .0 I 70.0 40.0 97 o9 I 221.3 I 7Co3 I 305.5 381.8 I 
I l I I l I l l I 
1 . I I 6 I I I l I I 
1 Sandy SOll1 0 1 75.0 0.0 I 90.0 I 205.0 217.0 70.7 1133.11 5C.8 I 187.9 238•7 I 
I I I I I I I I I I I 
I I I I I I l I I l I 
I I 5 I 65.0 I - I 90.0 I 200.0 I 122.5 76.6 1169.31 50 ,.8 I 223.0 273•7 I 
I I I I I I I I I . I I 
I I I I I I I I I · I I 
I I 10 I 55.0 I - I 75.0 l 175.0 i 117.0 79.3 1129,.71 57.71 177•9 235.41 
I I I l l I l I I I I 
I l I I I I ! I I I I 
I I 20 I 50.0 I - I 60.0 I 115.0 I 80.0 86.7 1120.01 71.9 I 142.9 214.8 l 
1 I I l I l I I I I I 
1 I l I I I I I I I I 
, Pure s and 1 0 - • - 1 5.0 1 - 1 - 70~4 r 68.41 38.0 1 107.3 145.3 r 
I I I I I I I I l I 
I I I l I I I I I I 
I l 5 - I - ! 2 Ü o 0 I - I - 9 3 • 1 I 8 2 • 7 I 5 5 o 3 I 1 2 9 • 4 1 84 o 7 I 
1 I I· I I I I I I I 
1 I I I I I I I I I 




60.3 11 123.5 183o7 
1
1 I I I l I l 
l I I I I I l I I I I 
: : 20 - r - : 40.0 : - : - 90.8: 95.6: 68.5: 147.6: 216.1: 
-------- ---~--- - ----~------- --~--------~-~-----------~---------L--------J-------L-----~-----J ______ J ___ ·--~J 








** Significant at 1 % 
* Significant at 5 % 
26. 
I.4.2.3.1. Extractable Iron ............................... ~
N NH40Ao- extracted higher amounts of iron than 0.1 N HN03 • 
Since :rm
4
oAc- extractable Fe in the reat sample wetJ very low (2. 5 ppm), 
most of the iron in the peat treated soils should be soil derived. 
Both acid and ammonium acetata extractable fractions decreased with 
increase in organic matter, even at air-dry state. This should only 
be due to the decreasing proportion of soil in the extracted sample, 
with increase in peat percentage, as ten g of soil - peat mixture 
was extracted in all the cases. Incubation of the samples resulted 
in a decrease in extractability in both soils as compared to their 
respective extract ability before incubation. 
Extractability should éonfirm that iron in the deoomposed peat is 
much less soiuble as compared to the soils used. It has to be noted 
that sandy soil and peat had a total Fe concentration of 6000 and 
5270 ppm respectively, but the oorrasponding soluble (ammonium 
acetate) fractions were 205 and 2.5 ppm. Further, extraotable Fe in 
the peat was in the order 787.5, 112.5, 2.5 and 1.0 ppm with 0.05 M 




oAo (pH 4.8) and water respectively, 
showing that Fe in the peat was in a highly oomplexed form. Only 
negligible fraotioL of iron existed as exchangeable. Leaohing studies 
reported subsequently oonfirmed, the highly complexed nature of iron 
bound to organic materials. 
I.4.2.3.2. Plant uptake of Iron 
Iron content and uptake by the shoot were significantly lower than 
that of root in both clay loam and sandy soil 9 irrespèctive of treat-
ment, indicating that mobility of Fe within the plant is limited. 
In spite of the very low solubility of iron associated with the peat, 
addition of peat increased the Fe concentration of barley seedlings 
in all mediums. Effect was more pronounced in clay loam and pure sand 
(Table 8). Concentration and uptake of iron in the shoot of the plants 
grown in sand medium was as much or higher, as oempared to plants 
grown in soils. This was particularly surprising because of the fact 
that both soils recorded such higher quantity of acid and ammonium 
acetata extractable iron (Table 8) than sand medium. 0.1 N HN0
3 
soluble 
Fe in sand, sandy soil and clay loam were traces, 75 and 70 ppm 
respectively~ whereas the iron contents of the shoot were 70.4, 70.7 
and 47.8 ppm respectively. If it can be assumed that the iron content 
of sh.oot from the sand control was essentially seed derived, the seed-
lings grown in the control pots of the sandy soil practically absorbed 
no iron from the soil~ and in clay loam translooation of seed iron to 
the growing sh.oot has been inhibited. 
A seperate experiment with Fe59 conduoted in this laboratory showed 
that Fe contents of young barley and oats were essentially seed derived. 
During the first weeks of growth, as little as 0.05 percent of the 
applied iron only was taken up by the plant from the soil. In sand 
culture, the uptake of addGd iron was in the order of 3.5 to 5.0 1o of 
the to·bal, Obsèrvations made in this study give added evidenoe that 
the Fe contei't of seedlings ha s li ttle relation to the Fe fraotions 
in the soil. 
In view of these results it seems quite possible that the more 
systematic response in the iron content of shoot in clay loam, with 
addition of peat, is due to organic matter (humic substances) oorrec-
ting ~)me inhibitory factor involved in the translocation of iron, 
rather than the Fe supply of the peat itself. Highest percentage of 
increase in the uptake of Fe by shoot was observed in clay loam 
(Table 9) followed by sand and sandy soil. 
TABLE 9 Percentage increase over control in the uptake of Fe by 
shoot in relation 1;o peat addition 
r----------r----------r----------r----------
: Pent% 1 Sand 1 Sandy soil 1 Clay loam 
r----------~----------~----------t----------
: 0 : : : 
I I I I 
: 5 : 45e5 : Ü : 42,6 ' 
I I I I 
: 10 : 58 .6 : 13.5 : 80.0 
I I I I 
I 20 I 80,2 I 41o5 I 94.3 L----------L--- --- ----L----------L----------
On the other hand, a comparison of Fe content of the shoot and 
root in sand medium (Table 8 ) shows that peat has served as a souroe 
of iron to plants. 
The role of humic substances in promoting the translocation of 
iron within the plant, though known to occur (DE KOCK, 1960), has 
notbeen established (BURAU, 1960). Variation in the results obtained 
by DE KOCK and BURAU may be due to the variatien in the species of 
TABLE 10 Influence of peat addition on the extractable and Il~nt uptake of G)pper 
ï ---------- -~-------- -~--- -· --------------------------· .. ------------------------r----- -------- --------------------, 
I I 1 Extrectable Copper-pfm in air dry sample I Plant Capper 1 I I 1-------------------------------------------------------L--------------------------------~ I I I I - I I I 
l . l : 0 .. 1 N HN0
3 
l 1 N NH40Ac fbnc. :wu:. · in l U take# • l 
: Soll : Peat % :_----------·-----------------------1----------r----- ----~z_r:_~t_t_~ ____ L __ : ______ : ________ j 
I I I I I I I I I I I I 
l l l Presowing : Presowing lPo st-harvest lPresowing : Presovring: Shoot: Root l Shoot 1 Root 1 Tata~ · 
I ' 1 a ir dry 1 incubated 1air dry 'air dry 1 incubated' 1 • I 1 1 
~---------- i··- - -----i----------i--------- - t -- ---------- 1 ----------~---------~------~ - -----~------i-----~-----~ 
l Clay loam l 0 l 2.0 i 1.0 l 2. 5 3.0 l 0.5 l 9.5 : 14.9 l 8.0 l 20 .. 8 l 28.,8: 
I I I I I I i I I I I I 
: : 5 : 2.0 : 2.0 : 3~5 2.5 : 2.3 : 11o8: 18e7 : 9o3 l 27.6:36.9: 
I I I I I I I I I I I 
: : 10 : 3e5 : 2.0 : 4"5 2~0 ! - : 15.7 I 17.7 l 12~7 23.5: 36.2: 
I I I I I I I I I I 
: 20 : 3.5 : 3·5 : 4 .5 2.5 : 3.2 : 16.6 17.(': 15.3 23.3: 16.6; 
I I I I I I I I I 
l Sendy soil 0 l 3.0 : 3.0 l 3.5 l 3 .. 0 l 2.5 l 14.5 14.5 l 10.6 20.5 1 31.1 l 
I I I I I I I I 
: 5 : 3.0 4.0 l 5.5 : 3.0 : 2.0 : 14.6 15.9 l 9·7 20.9 30 .. 6: 
I I I I I I I I 
: 10 : 3o0 3.,5 : 3.5 : 3.0 : 3o2 : 16.0 15,.2 : 11.6 20.8 32o4: 
I I I I I I I I 
: 20 : 3.0 4.5 : 3.5 : 3.5 : 3.2 : 18.6 16.5: 15.5 22.1 37.6: 
I I I I I I I I 
l Pure se.nd 6 l - - l 0. 5 l - l - l 1 4. 3 8. 7 l 7. 6 : 1 6 • 7 24.4 : 
I I I I I I I I J I 
: 5 : - : - : t. 0 : - : - : 20.0 13.9 : 11 • 9 : 21 .8 : 3 3. 7 : 
I I I I I I I I I I I 
: 10 : - : - : 1.5 : - : - : 19.7 15.9 : 13.1 : 23.5 l 36 .. 6 l 
I I I I I I I I I • I I 
: l 20 : - : - : 1.5 : - : - :19.6 15.7l 14.8 l21.9l36.7l 
I I I I . . I I I I I I I I ---------------------------------------------------------------------------· ~---------------------------------









** Significant at 1 ~o 
* Significant at 5 % 
experimental plants used for the sourees of humic substances employed. 
Mustard was t he test plant in the former case and soybean in the latter. 
Plant specie s variatien in the uptake and utilisation óf iron from 
iron chelates is well recognised (WALLACE 9 1963)o 
Results obtained in this study support the conclusion that 
addition of organic matter may increase the Fe content of plants 
either by supplying soluble farms of iron or by improving mobility 
of Fe within the plant 9 or by both 9 depending on the interacting 
soil type. 
1o4.2.4. ExtJ:•actability and J2lant uptake of Co:eper -=-=..-.=-=---=··= ...... =-=-=-·--=-:=:-=-=-=-=-=-=---=-
Results r elated to extractable and plant content of copper 





extractable fractions of copper showed no 
specific relation with peat addition. In general, peat increased 
the extractability slightly. 
1.4.2.4~1. Plant uptake of Copper .. ". ······- ...... ··-·· ·········· .......... 
Shoot and root contents of capper increased in all mediums~with 
addition of peat (Table 10). This response was better pronounced in 
sand 9 indioating that peat has served as a souroe of plant available 
copper. Total capper content of peat was found to be 76 ppm in dry 
matter, which is about 5 to 6 times more than the total Cu content of 
the soils under investigationo Yet 9 the peat supplied only small quan-
titie s of copper to plants. EDTA and lTH
4
0Ac- extractability of Cu in the 
peat sample was 29.5 and 0.,5 ppm respectively. Negligible amount of 
NH
4
oAc- extractable Cu indicates the low Cu supplying capacity of peat. 
FISKELL and LEONARD (1967) had established close correlation between 
N NH
4
0Ac extractable and plant content of copper. Capper content of peat 
is known to be largely unavailable to plants. DYKE~MN and DE SOUSA (1966) 
elucidated this mechanism while studying the copper toleranee of s everal 
plant species grown in peaty soils containing as high as 7 % copper. 
They also observed large sca le immobilisation of Cu in the roots 9 pre-
venting fur'bher translocation wi thin the plant. Present study 9 however, 
did not show the latter effect. But, on the oontrary, the concentratien 
of Cu in the shoot was well compared with that of root indicating 
~-------
T.A.BLE 11 Influence of peat addition on the extraetabie and plant cr.;rtent of Aluminium 
~------ -------r----------- - r--------------------------,------ - ---------------------------------------------, 
I I I E .L t bl ~ 1 . . I I 
I 1 1 xvrac a e 1·~ um1n1um-ppm 1 Pl t Al ·n·um 1 
1 an UID.1 1 I 1 l : in air dry sample 1 1 : I I --------------------------,-------------------- ·------,-------------------------1 
1 • 1 : : .. . 0.1 N HNO · . · ·.: iConc. ppm in dry matter l UJtake ~g. l 
l So1l l Peat % 1 ---~~~-~~~---r----}-------,-- ----------,-------------,------~~----,------~-----, 
l : l Presöwing lPost harvestl Sh t l R t l Sh t l R t l 
1 . 1 . I 00 I 00 I 00 I 00 I 
I : I a1r dry I a1r dry I I l I I 1 -------------r------------r-------------r------------,------------,-------------,------------,------------, 
I I I I I 1 Û I I Clay loam l 0 1 185.0 1 210.0 1 4.9 1 >300 4. 1 >300 1 
1 I I I I I I 
1 I I I I m I I 
1 5 I 200.0 1 255o0 I Tr I >300 :tr I )300 I 
1 I I I I I I 
I I I ' I I 6 
1 10 1 230.0 1 310.0 1 Tr 1 202.5 Tr 1 2 8.4 
1 I I I I I 
1 I I I I I 
1 20 1 235.0 1 330.0 1 Tr 1 132.1 Tr I 177.7 
I I I I I I 
. 1 I I I I t I 
Sandy 8011 I 0 1 575.0 I 555.0 I 8.4 I 90.9 I 5.9 128.5 
125.4 
I I I I I 
1 I I 6 I I 
I 5 I 590.0 I 45.0 I 4.4 I 
I I I I 
94.8 2.9 
I 6 I 6 I 
1 50.0 1 55.0 ' Tr 
I I I 
10 73 .1 Tr 100.4 
I I ... 
l 630.0 1 680.0 1 Tr 61 .0 i Tr i 80.1 
I I I I I J 
20 
I I I I I I 
I - I 1).0 I 2.8 43o3 I 1o5 I 70o2 1
1 I I l I I 
Pure sand 0 
I I I I I I 
1 - 1 30.0 t Tr 37.4 1 Tr 1 58.8 1 
I I I I I I 
5 
10 
I I I I I I 
~ - : 45.0 : •rr 37.6 : Tr ~ 55.1 : 
I I I I I I 
1 1 20 1 - 1 90.0 1 Tr 41.7 1 Tr 1
1 
54.0 1




that no significant immobilisation of Cu accured in the root. The well 
known capper deficiency observed in peat soils is largely due to the 
capper forming insoluble chelate with organic fractions. 
Leaohing studies with peat and farm manure reported subsequently, 
showed that acid desarptien of indigenous trace elements with 0.1 N 
HN0
3 
intrace samples are in the order Zn > lfurr >Fe> Cu. Copper, hence, 
is very tenoiously held in the complex. 
I.4.2o5• Plant uEtake of Aluminium 
-=-=-=---=~=-=-=~-=-~-=-
The uptake of aluminium by plants was characterised by the very 
la.~ge accumulation ~f the same in the root with praêtically negligible 
amount in the shoot. 
Data presented in table 11 indicate that addition of organic 
matter decreased the plant uptake of Al, the amount reaching below 
det ection limit in the case of shoot. Thi s was directly opposite to 
the pattern of extractability, where, acid extractability of the soil 
increased with peat addition. Ammonium acetate extraetabie Al in the 
peat used was 240 ppm 9 indicating that peat retained considerable 
amount of Al in exchangeable farm. MCLEAN et al. (1959) have supported 
the view that neutr~l 1TII
4
0Ac- extraetabie fraction essentially represents 
exchangeable Al. Lower pil of the }TH
4
0Ac- used in this study, however, 
would solubilise fractions other than exchangeable. Decrease in the 
Al uptake by the plant 9 hence 9 deserves consideration. It is not cer-
tain whether complexing of Al 9 as chelate s would lead to lower availa-
bility to plants. DE KOCK (1960) observed that plants preferred trivalent 
ions as chelates 9 over ionic farms. 
Al was found in detectable qu.antity in all the controls. Addition 
of 5 percent peat lowered this amount to below deteotable limits 
(Table 11). Obviously, the addition of organic matter had significantly 
inhibited the mobility of Al within the plant. Increase in the concen• 
tratien of ions such as Zn and Mn in the rhizosphere and in the plant, 
could have also effered competition to the uptake and translocation of Al. 
It is significant to notice that peat, inspite of its high soluble 
Al content, did not supply any aluminium to the plants, and further, 




1.4.2.6. Plant uptake of Lead : 
.. =-=-:::::-=-=-=-=-=-=-=·-
Only very small quantity of Pb was taken up by the plant and the 
quantity taken up remained unohanged with peat addition in both soils 
(Table 12). In sand medium, there was a slight increase in plant content 
with peat addition. Evidently, peat did supply Pb, but in very small 
quantities. 
TAELE 12 : Influence of peat addition on the plant content of Lead 
~----------~-- -------~--------------------------------------------------1 I I I 1 
1 1 1 Plant :bead 1 
I I ~--------------------------------------------------1 1 1Conc.ppmindry 1 Utk '· 
l Soil l Peat % : matter : P a e .-g 
I I ~-------------------~-------------------~ ---------
: : : Shoot : Root : Shoot : Root : Total 
~----------~ --------~----------~------ - --~---------~---------~1 ---------
: Clay loam 0 : 2.45 1 2.54 l 2.07 : 3.53 .:: 5.60 
I I I I .. t 
: 5 : 2.55 3.78 : g.o1 l 5.62 1'l 7.63 
I I I I ) 
: 10 : 2.99 3.02 : 2.43: 4.01 .-: 6.44 
I I I 1 :;1 
I I I I 20 2.57 3.03 2.22 I 4.16 ;I 6.38 
I .f 
I ,I 
3e59 2.40 2.64 I 3.40 : 1 6.00 
I ; I 
Sandy soil 0 
5 2.88 
I ; I 
2.97 1.07 I 3.90 J 4.97 
I I 
10 I : 1 3.45 2.19 I 4.72 ·1 
20 3 .13 4.03 2.63 5.39 8.02 
Pure sand 0 1 • '32 2.14 1 .01 3.12 4.13 
5 3.48 3.75 2.07 5.86 7.93 
10 3.64 4.00 2.41 5.86 ; .1 8.27 
20 3.91 4.16 5.82 
.: I 


































------------- ~ ------------------------- - --------------------- - ---------, 
Total Pb content of peat was 4 to 5 times more than that of an 
average soil (Table 12). EDTA extracted 180 ppm of Pb from peat, as 
compared to 2.0 ppm extracted by mr
4
oAc-, indicating that Pb in the 
peat existed as stable chelates and can be released only by another 
chelating-agent, with higher stability constant, than Pb-organic 
complex. This should explain the reason for the rather negligible con-
tent of plant available Pb in peat, inspite of its high total content. 
Pb in natural organic accumulations and composted materials are known 
to be rather unavailable to plants. LE RIC}lli (1968) was reported that 
addition of s ewnge sludge, containing on an average 3.0-3.5 ppm of 
0.5 N acetic acid soluble Pb 9 for nearly twenty years did not increase 
the content of Pb and Cu in plants, but increased that of Ni and Zn. 
This was related to the relativa mobility of the elements itself. 
Similiar results have also been reported by KICK (1960). The order of 
snrichment of Pb in organic soils by atmospheric contamination is rated 
higher than Cu, Zn, Mo and I~ among other micro elements. Lead obviously 
has higher affinity to humic fractions and the complexes that may form 
also have higher stability, leading to progressive enrichment. 
However, plant available fraction of Pb from the peat souree is 
extremely low and use of peat as a souree of micronutrients is not 
likely to increase the Pb content of forage used a s animal feeds to any 
notabie extent. 
I.4.2.7~ Plant u;etake of Nickel : -=-=-=---=-=-=-=-Q-=-=-
Table 13 a indicates the concentratien and uptake of nickel in the 
case of shoot and root. There was no detectable amount of Ni in the shoot 
except in the controls of sand and sandy soil, but considerable amount 
of Ni accumulated in the root. The sand blank showed the highest amount 
of Ni in the roots (65o7 ppm) an~ the order of the contents of other 
elementsin the sam8 sample was : Fe(68.4)> Zn(47.9) >Al(43 •. 2) > Mn(34.0)> 
Cu(8.6) > B(5.5) >Pb(2.1). 13ut, when the medium was supplied with 5 percent 
peat, the order of the concentrations was Zn(121.5) > Fe(82.7) > lvm(52.8)> 
Ni(39o4) > Al(38.4) >Cu(13o9) > B(5.1) >Pb(3.7). It is rather curieus that 
the highest amount of nickel was found in sand blank. The souree of Ni 
in this case, barring the Ni content of the seed which was found to be 
traces, can only be the acid washed sand wich showed an acid soluble Ni 
content of ~.5 ppm. This fraction, though only acid soluble, seems to 
have supplied suffioient Ni te keep the root concentration high. Addition 
of peat (5%) reduoed this fraotion to nearly half in sand and soils. 
Total Ni content of peat was 89 ppm of which 2 ppm was acid soluble, 
and 1 ppm was ammonium acetate soluble 9 which ehould show the highly 
insoluble nature of Ni in the peat. Lower Ni content of roots in sandy 
soil as compnred to clay loam, is partly explained by the fact that 
olay loam oontained slightly higher amount of Ni than the sandy soil 
(Table 13 b). Analysis of varianee showed that the effect of soil was 
significant in deciding the Ni content of the roots. 
34. 
TABLE 13 a Influenoe of peat addition on the .concentration .: e.nd \l.ptake 
of Nickel in root and shoot (Conc. in ppm and uptake 
in J,J.g.) 
~---------r--------------------r------------- --------T - -- - -------- - ----------1 
I I I . I I 1 1 Clay loam , Sandy so~l 1 Pure sand 1 
1 r------r------r- -----~------~-------i"------T--- ---~-------~--------1 
: Peat % }3hoot :Root : Root : Shoot: Root : Root l Shoot : Root : Root : 
I I I I I I I I I • I I 1 ponc. 1 conc. 1uptake1 conc.1 oono.1uptake1 conc. 1 cono.1 uptake 1 ï··-------r- -----r------ .... -· -----r----- __ ,._ ----- -1"- -· ----+---- ---1-------~--- -----1 
I I I I I 
1 0 Tr 1 65 5 6 1 6 1 65 7 104 0 1 I I o 8 • 7 I 3 o 0 40 • 5 5 • 9 11 • 7 I • • I 
I I I I I 
I 5 I 6 6 I I 6 I 1 Tr 1 4 ~3 9,1 1 Tr 28.0 40.4 4.91 39.4 1.7 1 
I I I I I 
I 10 T I I I I 1 r 1 28,5 37.7 • Tr 30.8 43.1 Tr 1 28.3 41.4 1 
I I I I I 
I 20 I I I I 1 Tr 1 30.5 42,1 1 Tr 27,8 45.7 Tr 1 31.3 43.8 1 
l I I I I 
I I I I I ----------------------------------------------------------------------------




** Significant at j 5·s 
* 'Significant at 5 % 
1 oálculated 
1F' value (Root uptake) 
4 .. 68* 
17 .37** 
2.22 
TABLE 13 b Influe.noe of peat addition on the extractable Hielcel 
after incubation (ppm in air dry sample) 
r--------r - - - ---- - -------------r---------------------~----------------------1 
I I I . I d I 
1 o;r 1 Clay loam 1 Sandy so~l . ' Pure san 1 
1 Peat p r-- -· -------r----------r----------+ - -------~-~---~------~-----------1 
: : 1 N 1'H
4
0Aë: o. 1 N HNO :1 N ~m4oAë :o.1 N HN03 h :H NH4oAë: 0,1 N HN03 : I I . I 31 I I I I 









I I I 
I ! I 
1 2.5 1 2.5 1.5 Tr 1,5 
I I 
: 1.0 : 1.0 1.5 Tr 1.5 
I I 
I I 
I 1 o 5 I 1 .,0 1 .o Tr 1. 0 
I I 
I I 
I 1 o 5 I 1.0 1.0 Tr 1,0 
I I 
I I ------------------·· ---------------------------------------------------------
35. 
The nearly total lack of Ni supplying capacity of peat, in spite 
of its high total content, is in contradietien with the studies repor-
ted earlier (I-TIJNTER and VERGITANO, 1952), that much of the Ni in 8 
peaty, nickel toxic soil was plant available. Further investigations 
have however shown that Ni when present as a complex with humic acid 
or versanate (DE KOCK, 1960 ; CROOKE, 1954) is much less available 
than when they are supplied in ionic ferm. Observations reported here 
reveal that Ni chelated with peat, if available to plants, will only 
be in insignificant proportions. Variatiens in the Ni supplying oapacity 
of peat, obser.ved here and reported earlier shows that the nature of 
formation of peat, may be significant in deciding the relative tenacity 
with which Ni is held. Peat used in this study was considerably rioh 
in calcium (15.9 mg/g of total Ca, and 7e44 mg/g of ammonium acetate-
extractable Ca), which in turn will decrease the acid component of peat, 
resulting only in negligible amount of Ni being held in ionic or soluble 
forms. Amount of soluble nickel reported in table 13 b, is in agreement 
with this possibility. Exchangeable nickel content of nickel toxio peaty 
soils was reported to be 26-49 ppm (InnffER and VERGNM10 9 1952). Stability 
of the chelates of the metals of transition series with organic matter 
2+ 2+ 2+ .2+ 2+ 2+ are knwon to be in the order, Cu > Pb > Fe > N~ .> M:n > Z:n 
(SCHNITZER, 1969). Acoording to this, Ni is relatively less firmly held 
than Cu, Fe, and Pb~ but the amount of Ni absorbed by the plant from 
the peat sample is lower than Fe, Cu and Pb. 
A significant decrease in the uptake of Ni by plant roots and 
shoot may be either due to the soluble Ni in the controls entering 
into chelation reaction with added peat or to the increasing amounts of 
ether elements that are being maU.e available to the plant, offering 
effective competition for the entry of Ni at the root-soil inter face. 
Evidence for the former possibility oornes from the work where Ni was 
reported to from complexes with humic acids (BASU et al. 1964). 
Nickel content of plants is knovm to be reduoed by the high con-
centration of iron in the substrate (CROOKE et al. 1954). A decrease in 
Ni/Fe ratio in the growth medium decreased the uptake of Ni and there-
by the intensity of taxicity (CROOKE, 1955). Analysis of soluble 
elements reported in table 8 clearly shows that, though the soluble 
iron content of the medium is sufficiently large, (except in sand 
l 
medium), the soluble fraction of Fe decreased with increasing organio 
matter, thereby diminishing the possibility of iron being the major 
"interference factor". On the other hand, soluble amounts of Zn and Mn 
in the substrate increasei progressively with organic matter (Table 
3 and 5). Zn concentratien increased in very high proportions with a 
corresponding increase in root concentration. It then seems quite 
possible that elements other than Fe, more probably Zn had affered 
effective competition for the uptake of Ni. 
After a study of the Ni/Fe ratio in different parts of Oat plants, 
it was postulated that Ni is more readily mobilised and transloaated 
than Fe in the plant ( CROOKE and IG.'UGHT, 1955). These workers re-
ported that under varying Ni/Fe ratio, on the average 9 16 to 50 % Ni 
is transport0d. LE RICHE (1968) reported, for carrots, a root concen-
tratien of 0.9 and 2g1 ppm in dry matter for a corresponding shoot 
concentratien of 1 .6 and 4.2 ppm. Data produced in this experiment 
are quite different from the conclusions hitherto reported, as e~en 
with the best translocation to the shoot, only 10 ~0, 3.7 ~0 and traces 
of Ni were only found in the shoot of plants grown in sand, sandy soil, 
a nd clay loam respectively. Obviously, mobility of Ui exhibited consi-
derable species variation and increased entry of other metals has 
apparently inhibited their translocat i on within the plant. It is also 
clear that large amount of Ni oan be immobilised in the root without 
producing any roetabolie strain on the growing seedling. Since there is 
evidence to believe that Ni is essentia.lly taken up in ionic form, a 
recomplexing of the metal might have accured in the root. 
The strikingly close similiarity in the pattem of Al content 
of root and shoot with that of Ui, as related to peat addition (Table 
11), is noteworthy. 
Relationship between the nickel uptake by be.rley; seedlings to the 
application of peat will be of interest in view of the recently obser~ 
ved role of Ni as a complementary fertilizer (BERTRAND and WOLF, 1968) 
and in understanding the Ni uptake of plants grown in soils enriched 
with Ni, either due to pedogenie factors or due to contamination. 
This is also important in view of the extensive use of peat in horti-
culture. 
Io4.2.8, The relationship between organic matter (Peat) addition and 
-=-=-=-=-=-=-=-=~=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
m.obili t;r of element s wi thin the plant 
-=-~-=---=-=-=-=-=-=-=-=-=-=-=-=-=-=-
Mobility of the elements studied within the plant showed 
significant interaction with peat and soil. Among the micronutrients, 
Mn was the most mobile and zinc the least, and in both cases organic 
matter enhanced the rate of translocation or immobilisation respec-
tively. For the sake of illustration, the ratio between the concen-
tratien of Mn, Zn, Cu and Fe in shoot and root, calculated for sandy 
soil are shown in f~gure (1). This ratio is assumed to be an index 
of translocation. The value of >1.0 as seen for manganese and copper, 
shows that in general these elements have better mobility within 
the plant. For manganese, iron and copper, the ratio increased with 
organic matter but decreased for zinc. The general increase in the 
ratio cannot be directly attributed to the increase in total concen-
tration, as the root concentratien and uptake of Mn, Fe and Cu in 
these cases either remained the same or decreased slightly with 
increase in peat. On the contrary, for zincadrop in ratio occured 
in spite of a significant increase in total uptake (Table 5). 
The idea proposed here is that, the addition of organic matter 
can accelerate the ~ate of translocation of 1U1, Fe and Cu in barley 
seedlings, and this phenomenon is subjected to saveral interacting 
factors, both soil and plant related. Results obtained here show 
that this effect is most pronounced for manganese. That, plant roots 
can absorb organic molecules having a molecular weight upto 1800 and 
smaller molecules such as fulvic acid can penetrate through the root 
epidermis to the conducting vessels has been demonstrated (FUHR and 
SAUERBECK, 1966). SCRNJTZER (1969) studying the root initiatien pro-
perty of fulvic acid, postulated that because of its roetal complexing 
power, fulvic acid may aid in the movement within the plant of roetal 
ions that can normally only be transported with difficulty and so favour 
reactions that lead to increased root initiation. A similiarity in the 
behaviour of fulvic acid in soil and plant was suggested. It should be 
noted that pent used in this experiment contains 3.78 % fulvic €arbon 
as against 1,26 % humic carbon (Table 14). The pröposed role of low 
Fig . t SHOOT: ROOT CONCENTRAT/ON RATIO OF 
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38. 
molecular pent derived humic substances might be analogous to the 
function of the synthetic chelnting ngents, where, ndsorbed chelating 
ngents were found to enhnnce the adsorption of radio iron from the 
soil and the transloontion of foliar applied radio iron (TIFFIN et al. 
1960). Several plant species are known to be able to adsorb and trans-
locnte synthetic chelating agents (WALLACE, 1963). 
On the ether hand, the experiment also revealed that entry of 
additional amounts of humic substances in to plants has resulted in a 
considernble innctivation of Zn, Al nnd Ni, within the roots. 
All these results point out the necessity of detailed studies 
on the hitherto inadeque-Gely understood role of humic substances as a 
carrier of micro elements within the plant. 
1.5. Summary and Conclusions - - - - - - - - - - - -
Decomposed peat, used extensively in horticultural purposes, 
can be an important souree of trace elements to plants. Micronutrient 
supplying capncity of pent in pure sand, where the interacting 
factors were at a minimum, vras in the order of 
Zn > Mn > Cu >Fe 
Addi ti on of 5 % pent , increased the te·!:; al uptake of Zn, Mn, Cu and 
Fe by barley seedlings in snnd medium by 142, 98, 38 and 27 percent 
respectively. The order of availability foliowed closely the known 
stnbility of metal-orgnnid complexes and was not related to total con-
tent of elements. Uptake of trace elements was subjected to significant 
soil-peat internction. 
Though the totnl Pb content of pent was high, its plant nvailabi-
lity was very low, a factor in faveur of use of peat as a plant sub-
strate. Similiarly, inspite of the large Al and Ni content, peat caused 
a progressive decrease in their plant uptake. Possible reasens for the 
decrease in plant uptake of Ni and Al in function of added pent are . 
discussed. 
Within the period of experimentation, peat incorporation did not 
alter the soil pH. 
39. 
Mobility of elements within the plant showed signifioant inter-
action with peat nnd soil. Addition of organic matter promoted the 
mobility of mangnnese and immobilisntion of zinc in the plant. 
Role of humic substnnces, as carriers of metal ions within the plant, 
is subjected to significant soil interaction. 
40. 
CHAPTER II 
CHARACTERISATION OF THE MOBILITY OF TRACE ELEMENTS IH ORGANIC M.ATTER 
---------------------------------------------------~----------------
II.1. Introduetion 
The order of plant availability of micronutrients from a peat-
sand mi xture vro..s, Zn > l·'In >Cu> Fe . The stabil i ty wi th which these 
elements are h eld as complexes and/or chelat es by the functional 
groups of the peet will be the main criteria of their availability. 
Heavy met a l s are knovrn to form several typ es of complexes with varying 
degrees of stabilit y . Stability of complexes of bivalent metals of the 
trans i ti on series, regardless of th.e nature of complexing agent invol-
ved, were sc id to follow the order : 
Pb> Cu> Ni> Co> Zn >Cd~ Fe> N'l!l > Mg (IRVING and WILLI.A .. MS, 1948). 
SCHlifiTZER and SKINNER ( 196 7) proposed another sequence for f ulvic 
acid compl exes . . 
F +++ C ++ F ++ P .++ Pb++ C ++ c ++ z ++ ++ ++ at pH e > u > e > ~ l ;- > o > a > n ) Mn > Mg 
F +++ C ++ Pb++ F ++ N.++ M ++ ++ c ++ z ++ }![ ++ at pH e > u > > e > · l > n > Co > a > n > ... g 
Relatively higher stability of Cu and Fe complexes over Zn and 1fu 




BROLTIEENT (1957) leached Cu saturated organic columns successi-
v ely with increasing conc entratien of a cids and established desarptien 
maximum for each of the conc entra tions, and postulated that each of the 
peaks corresponds to ions held by a specific sitej Though the exact 
nature of bonding was not established, it did show that throe to four 
types of bondings a r e involved in Cu retention. The nature of organic 
matter will consider ably influence each of these peaks, as shown by 
the f act that the peak obtained by 0.05 N HC l was quite pronounced in 
t wo samples from miner a l s oil s , but much l ess so i n t he less extensi-
v ely decomposed peat. R.Alif.DHAVlA and BROADBEl!'T ( 1965) by characterising 
the desorption peaks for zinc showed that Zn desorbed by acetic acid 
can be attribut ed to phenolic sites of low and medium acidity and 
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cnrboxyls of pKa 2.8 to 4.4, and Zn desorbed by 0.01 N m~o3 to that 
retained by strongly acidic cnrboxyl groups of pKa less than 2o0 9 such 
as those vrhich can exist on pyridine rings. The most stable complexes 
reprasenting only a fraction are those of which Zn was desorbed by 
0.1 N and 1 .o }TI~o3 . 
Direct evidence for the relation between the presence of varying 
type of metal compl exes in organic matter and their plant availability 
has been elucidated. Cu·~hunic acid complexes of varying stability, 
characterised by t heir resistance to acid leaching, were tested for 
Cu-suppl ying aarmei t y to oat plant s. Under equal concentra tions of Cu, 
all Cu humates supplied much l ess Cu cömpared to Cuso
4
, and humates 
preleached with 1 H HCl was unable to supply nn3r Cu to plants, though 
the Cu content of the sample was as high as 226 ppm and amount applied 
was equivalent to 6400/mg of Cu (ENJ:HS and EROGATJ, 1961). FISKEL et 
al. (1 964) also used acid leaohing as an index to evaluate the trace 
element supplying capacity of severnl organic manures. 
The amount of metal entering into chelation reacticm \1.-ith organic 
matter will bo dec ided by the nature of the cation, its concentratien 
a:nd pH of t he equilibrium system. In t he experiment reported below, an 
approach based on the above quoted works was adopted with some modifi-
cat ions. Here 9 inst ead of leaohing the samples with acids of increasing 
concentration 9 samples were leached wi th the acid of the same concentra-
tion9 successively 9 after constant equilibration period 9 over six number 
of leachings . Ey thnt, ench element can be expect~d to produce only one 
peak c.t a pnrticular equilibrntion stage 9 d epending on their stabil i ty 
o,gainst increc.sing II+ snturation. Tho,t will be o,dvc,nt nge ous in t h is study 
since o, oomparisen of the relo,tive sequence of de8orbability between the 
ol ements is sought, ro..ther than c. compe.ri s on between the different frac-
tions of t he snme element. This was expected to give an explnnation of 
the order of o,vailability of oach element to plants. Leaohing the samples 
diroctl·y YT['.S profcrrod in this case, unlike the humic nnd fulvic acid 
complexes of met c.ls used by other werkers, to let all ions participate 
in the equilibrium c.nd the desor:ption of an individual element will be 
a net function of such an equilibrium. In the vrorks reported earlier, 
42. 
studies were m~de on Cu and Zn after total saturetion or all the 
complexing sites with one of these elements. The limitations of suoh 
an approach is that ion under study will then occupy sites which under 
normal conditions would have been occupied by another ion. Studies on 
the desorbability of Fe and 11.1In in organic materials has not been 
report ed. 
For the sake of comparison, another organic material i.e, farm-
yard manure 1 which is totally different in crigin and formation, from 
peat, was included in this study~ 
II.2. Experimental details --- -· --- ..... 
10 g portions of peat and farmyard manure were uniformly packed 
in separate leaohing tubes of 2.5 cm. in diamater \Üth scintered glass 
bottorn to facilitate direct filtration. Care was taken to see that 
materials were packed uniformly, not to introduce varintion in lea• 
ching rate. 50 ml. of 0.1 N HN0
3 
was added to the tube and allowed to 
equilibrate overnight. At the end of equilib:~ation periocl, the 
leacho.te was a llmïed to drain ghrough, adjus·: ing the leaohing rate 
such that 50 ml.leachate was colleeteel in on•! hour. Successive leaohing 
was done in the sn.me way a llowing an overnig.'lt equilihration period in 
each case for a total of six leachings. In t.he first leaching, addi-
tional amount of acid had to be added throuê:h the column inorder to 
makeup the volume of leo. chate to 50 ml. In the following leaching~, the 
ini tial addi tion of 50 ml. was sufficient. 1 ·~!'le experiment was done in 
duplicate. 
All samples were analysed for Zn, Mn , ~1e and Cu with the Atomie 
Absarptien Spectrophotometer. Leachate from the peat samples were 
analysed clirectly after proper dilutions. I·eachates : from the farm yard 
manure were colloidal. So, 25 nl. of the e:~ract was digested with 
1 ml. of concentrateel H2so4 
over a warm hot plate to . distroy all the 
organic matter. Digested material was taken up in 0.1 X Hno
3
, filtered 
to clea.r off the free carbon, vrashed with warm water and ronde up to 
50 ml. vri th 0.1 N HNo
3
• A very clear salution was obtained by t his method. 
The relevant characterestics of peat and manure are reported in 
t able 14. 
L 
TABLE 14 Proporties of Peat and Farm yard manure 
-------· Total content of trace element (ppm/air dry material) 
ï-------------------~----------r---------,-----------r----------, 
l : Zn l Mn l Cu l Fe : r-------------------r----------r---------,-----------r----------, 
~Pent : 483,2 : 171.2 l 48.9 l 6937.2 l 
I I I I I I 
l Farm yard manure l 226,5 : 229,0 l 244.3 : 12101 .4 : 
I I I I I I 
"'------------------_I __ ---------!..---------J ___ -- ----- _!.._ --------- _, 
r-------------------------T------------------r------------------, 
l Proporties (%) . : Pe~t l Farm yard manure l 
r-------------------------T---------------~--r------------------, 
: Total carbon 20.33 l 28 .. 98 
I I 
l Humic carbon 1 ,26 : 3. 71 
Fulvic carbon 
Nitrogen 0,82 
Humic nitrogen 0.13 



















Table 15 and figure (2) give the amount of individual elements 
in the equilibrium solution of 0.1 N HN0
3 
at the end of each successive 
leaohing both as absolute amounts and percentages of total respectively. 
Though the absolute amounts of the elements entering into solution 
at each stage varied between peat and farm yard manure, there is a 
very close resemblence in the pattern of release of all the four ele-
ments. In both cases, maximum percentage of Zn and Imn 'appeared. in so-
lution at the end of the secend leaohing with a drop in pH of the 
equilibrium extract (Figure 2). Maximum percentage of Fe and Cu accured 
only at 3rd and 4th leaohing respectively when the pH of the equili-
brium extract stabilised to a vo.lue of 1 .1 (sc=.:e o.s the pH of 0.1 N 
+ HN0
3
), when both peat and farm yard manure should have been H 
saturated. 
I 
Fig. 2 A MOUNTS OF Zn, Mn, Cu, AND Fe IN THE EQUILIBRIUM LEACHATE. 
Elamcnts in equilibrium 
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TAllLE 15 Conc entrf',tion of el ements in equilibrium leachate (0.1 N Hl'm
3
) 
ppm in air dry sampl e 
r---------l~-----------------------------l----·------------------------~ 
1 Numb er of: Peat 1 · Farm manur e 1 
l l eachings ~-- ------~---- ---1---- ---~--------{--::-----,---- ---ï------ _ï _____ --: 
I I Iv~~ I Zn ! li' E: : Cu I l<l.n I Zn I Fe I c-L,_ I 
1--··---··- .- ~ .J-- --- __ J ___ . . --- ... _______ . _______ .J ______ _. _____ --.1.--- ----L----·· --~ 
1 I I ! I I 
: 1st : 21.3 81,8 : 3.5 Tr : 14.3 l 16.9 227.5 1.0 
1 I I I 
1 2nd : 61o9 222.5: 58.0 1.9 : 76.0 91.3 1590.0 
3rd 
I I I 
: 35.6 103.5 : 227.5 4.4 : 53 .o 2460 .0 
I I I 
: 6.6 6 .&9 : 231.2 6.3 : 4th 1940.0 
I I I 
: 1.5 2.3 : 170.0 5.6 : 5.0 15.0 880.0 5th 
6th 
I I I 
: 1.0 I 1,1 : 126 ,2 4,3 : 1,7 5.0 410.0 2.1 
I I I I I I 
----------J-------J-------~--------------J------J-------L-------L-------~ 
The r el ntive significanee of humic acid and fulvic acid in 
che l ating metals, uith r af er ene e to a particular organic material, 
is difficul t to as se ss ns t hnt v:ill d epenè. upon the relo.tive amount s 
of each of t ho s e group::: o.nd p:L In t he peat sample und er study , fulvic 
a cid component was f ound t o be about t hr ee times more than humic acid 
(Table 14), and a s such ma jor portion of t he compl oxed metcl is likely 
to be a ssociat ed wi t h f ul vi c a cid . WRIG:IT and SCHI~IT Z:bR ( 1963) have 
conclud ed t hat und er natur a l conditions, fulvic a cia consi sting of an 
o. romatic nucleus to whi ch carb oxyls and hjdroxyls are attached, is the 
main functiona l e roup r esponsible for t h e mobilisation of Fe and Al 
in podsolisation. Stability of orgp.no-motallic complexe s a s determined 
by some work ers can bo sumnariseè : 
Souree ~~ . Neture Zn Mn ------ Cu 




5.0 M-Fulvic 2.34 3.78 
5.78 
8.69 5 • 77 9.40 I 
RANDHA.WA & BROADBENT 
(1965) 







I'f. -Humio 6 .18 
M-Humie 6. 80 
M- Fulvic 2 .83 
M- Fulvic 2.87 
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The highest amount of Zn and Mn desorbed, at the second leaohing with 
a drop in pH of the equilibrium salution from 4.57 to 1 .62, is in 
accordance with their kno~nn stability constants. The sharp peak observed 
for Zn and 1fu as compared to Cu and Fe (Fig. 2) shows that 75 to 85 % 
of the total Zn and 11n a re held by ligands, from which ions are 
acid replaceble. The relatively higher concentratien of Zn and Mn 
in the first leachate, for an equilibrium pH of 4.5, shows that un-
like Cu and Fe, sufficient nmount of Zn and Mn are in relatively 
easily exchangeable farms. The nutritional implication of this frac-
tion in terms of plant uptake is obvious. 
Higher stability of the Cu-organic complexes will partly explain 
the shift in the Cu-peak to the 4th lenching. By then, the samples 
should have been saturat ed with respect to hydragen as the pH of the 
equilibrium extract r emained constant from there on. This shows that 
the maximum percentage of Cu in organics is in farms non exchangeable 
with hydrogen. COLEMA"N t- t nl. (1956) showed that the stability of 
Cu-peat complexes, part ~_cularly at low salt concentrations can result 
in very smnll quantitie s of soluble ionic (Cu II) in solution. DAWSON 
and NAIR (1950) demonstratea that a number of complexes of different 
stnbilities are formed bet ween capper nnd peat and the most strongly 
bound capper is attached to lignin and protein derived fractions. 
Capper entering into highly stable chelation reaction with R-SH and 
R-NH2 groups, has also be en shown. Figure (2) shows that maximum dis-
placement of Cu did not occur even when the pH of equilibrium salution 
was 1.25 in either of the materials. This should further confirm the 
possibility of Cu being held by functional groups other than humic nnd 
fulvic acids, notably ~ith amino, imino and thiol groups. It should be 
noticed that in f a rm manure, where the amount of N was twice that of peat, 
(Table 14), even after the 6th leaohing a total of only 9.8 % Cu was 
desorbed and a virtual hydralysis might be necessary befare more Cu can 
be rel eased. Retention of micronutrients by unoxidised insoluble 
humic a cids (deriving from the lignin part of plant debris), rendering 
them unavailable has been stressed (SZALAY and SZILAZYI, 1968). These 
workers have also sho~n that the retentien factor for Zn with insoluble 
46. 
humic acid is higher than Cu, at pH 4 and 5, which is not in agree-
ment with the observations made in this study. 
Percentage iron desorbed was the lewest among all the elements. 
Absence of any sharp peak in the desorption curve of iron is explai-
ned by the fact that s'tability of Fe-organic complexes is not consi-
derably effected by pH (SCI-fNITZER, 1969). Considerable variatien between 
different types of organic matter also existed, as in farm manure 
61 .. 9% of Fe was totally desorbed whereas in peat only 11.7% was 
desorbed. Ob·~iously in peat large part of iron is associated wi th the 
insoluble mineral portion of the peat and with high molecular vreight 
fraction of humus ; and the latter fraction may be released only after 
oxidative degradation. It has been shown that 82 % of the Fe in a 
humus suspension was associated with substances of molecular weight 
>100000 (PASSERA nnd 1\'Lt\GGIONI , 1966) and mixtures of lignin, polysac"" 
charide, proteins, tan:n~i.ns 7 quinoids, malanoillins and ether high molecular 
polyphenols and prot e~_ ;_:,.s l1.ave ligands that form sto.ble and specific 
chelates with metals ( :Vicq:~~ENSEN, 1963). 
In the order of r esponse to plants, Cu preceded Fe but with 
reference to desorption ~eaks Fe pre0eded Cu in this study. This 
may be due to differerwc s in the Fe++ and Fe+++ complexes. Fe++ has a 
lower stabili ty constrm t than Cu++ co11plex. Successive leaohing will 
induce certain amount cf anaerobic condition in the sample thereby 
inducing tho possibility of Fe++ formation. Such a change mo.y not be 
relevant wi th reference to plant availabili ty of Fe, .  since the soil 
environment in which plants are grown is predominantly aerobic. 
II.4. Summary and Conclusions - - - ~ - - - - - - - -
Aoià. leaohing of the organic mn.terials preceded by o.n equilibra-
tion is a pr~ctical methad to assess the relative mobility of indivi-
dual elements . ~Phe pH of the equilibrium salution can give adequate 
explanntion to the nmount in salution only with reference to Zn and Mn. 
Large amount of Cu o.nd Fe co.n be held by organic matter even o.go.ins·t 
prolonged hydragen saturo.tion. Cu o.nd Fe forming chelat es with ligo.nds 
of high molecular polyphenols, proteins and thio groups is suggested 
as a reason for this. 
47· 
At the pH of the originnl pea t (pH 5.2), the order of stability 
of el ement s unl1er s t udy 9 <::;er;orcling t o SCHNITZEn' S scheme ( 1969) will 
be Fe+++> Cu++) Mm++> Zn++ I f 1 f th 1 t • n t erms o the supp y o ese e emen s 
to plants, from t his pent, :ï_n s n.nd medium, the order was exactly 
opposite i.e. Zn>~~Tn>Cu > li'e (Chapt er 1), which is in accordance to 




EFFECT OF LIMING AND LIMI:JC x ORGA~HC }'[:~_rr~ER I NTERACTION ON rrHE 
- -- - - --- --- - - - - - ----- ~ ----· - -- - - - ---~· ·p ~~-- --- --- --- - - --- - -- - ---
AV11J'L .~.}E 1I'I'i' OF T"8..!'\.CE ELE!IIf.EHTS 
III o'1a Introduetion: 
n ::e E::JCileriment s discussed in the for.egoi:rg chapt ers have e sta-
blü;hed the :p ossible r ol e of organic matter ( decomposed peat) en the 
u:ptake and translocation of trace elements in plants. Decomposed peat 
was Gvaluated as a sot1rc e of trace el or:1 :.~ ~1 t s and the role of humic 
substa n ce s in trans locating or immobil is:Lng metal ions were examined. 
Furthe:r, evidence was :produced tha t micro;.mtrient s1.:.pplying capaci ty 
of organic s will clo seJ ~r fe llow the üworetica l stabili ~y of individue.:l. 
metal-or.gani c c on:plex :~~' irrespect ive of :i.t s total con~e:1t, and a methad 
has been sugge s-ted t o ,-1 r-~ 1 --::: rmine the extent o î availabil i t;r. 
Sinc e the role of c· ·-~:p;unic matter vm s Atnétied in two different 
soils and pure snnd, :; ·.; Tm s f ound t:!:w:{; the e&rl i8r me:r.ti on ed functions 
of organic mat eri nls n.xe 8llbjeot ed to cign:Lfi.cant i n t eract ion with the 
soil. It was then nece :-: so :.y to know t:;.e specific interact i en of o.dded 
organic mnt ter with so.i.l ~·H 1 since pli i :J considerod on e of the most 
significant s oi l varic1l;l8 ~-n éte cic1ing trace element mobilityo 
(HODGSON 9 1963 ; COTTEF IE and GABRD~LS , 1966). 
In order to avoid genetic variabil i ties, this stud~r re lat es to the 
int eract ion oî organic matter on a moderately acid sandy loam, limed 
to different pH levels. 
Liming the soil to neut rality, according to tpeory, will influence 
the avai labil ity of micronu-trients essentially by : 
c.) decreasing the conc entration in solu-t ion, preceding a pr2ferential 
adsorption on the exchange surface of ca tionic elements like Mn, Fe, 
Zn and Cu (WIKL..t\.lffiEH. 9 1) 60 ), and i~creasing the concentration of 
Mo (DAVIS , 1956). 
b) increasing the pH 9 resuHing in a shift in the equilibrium in which 
.. 
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the amount in salution phase i s 1::81 n. ag~:dnst the solid phase of 
the respective el ecnent (COT'l1ENIE and GL:BRIELS, 1966), 
c) i nfluencing t he biologi ca l envir onment i n the rhizophere and soil 
syst em 7 a :nd. sigr..i:~:Lc '1n:~ J.y a l t er i ng tin) ·:-:;d.ds. t io:n ste:t; us ; and, 
d) eff ecting the uptakc:: L.t ·2cl-~an5. sm of t l1e pl ant. depending whether, H, 
Al or Ca is the complemerr(;ary ion (EPSTEI N and STOUT, 1951). 
These concepts have been found to be well in agreement with the 
plant uptake of manganese and molybdenum. For zinc, capper and 
iron , th e repor-tied results are both significant and non significant, 
depending upon the species of plant and properties of soil. 
The addition of organi c materials to limed soils can be expected 
to produce following maj or interacting effects which can be significant 
with refere~ce to dynami es of trace elements in soils. 
a) ''acidoid" property of organic mat erie.l, re sul ting from the dissa-
ciatien of functiona:l_ groups such as carbcxyl, phenolic, onolic 
hydroxyl and amide &,--:!: ou.ps, can a lt er the :pH of the limed soil, 
b) cation exchange c e.p;,~ .. ;~ . l.iY of the colleidal system will be a.ltered, 
depending upon the ö.<::gJ.:-ee of i oni zation, wh:Lch will be a function 
of pH ( COLEMA.N et a L ·1 9 58 ) . 
c) by supplying r educi:ilg- @' J.~oups , it will al·(; e:r· t he degree rd oxidation/ 
reduction changès fo:'-· €:; lements Mn , :C e and p:eobably Co. 
d) weekly acidic funct l (Yn.c.. J. groups wil l form complexes wi th polyvalent 
met als dependi ng upoY1 the ionic conc e11tration and equilibrium pH. 
e) with higher Ca++ act ivi ty, calcium can compete for ligands, thereby 
' 
causing a displacement of metal ions from relativeiy less stable 
metal-organic complexes, analogous to the fate of metal-EDTA 
complexes at higher Ca++ level in equilibrium salution (NORVELL and 
LINDSAY, 1969) • 
f) by its contribution to the total pool of ions in salution can shift 
the ionic rutio in t he substrata t o complemcntary :ar antagonistic ends. 
The objective of this stuny is to elucidate the above-mentioned aspects 
of limc and organic matter interaction on indigenous and added micro-
nutrients, with reference to their ohemical fractions and availability. 
' 
Attempts were also made to v erify the known ooncepts on the direct 
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effects of liming and organic matter, seeking explanations, whereever 
significant variations from the known conclusions occured. 
III.2. Review of litercture 
III.2.1. ~i~i~g_a~d_axail~billtx ~f_t~a~e_ele~e~t~ 
In view of thc scant informat ion available on the effects of 
lime and orgnnic matter interaction on micronutriant availability, 
a detailed review on t his aspect cannot be attempted. The possible 
influenco of org-anic matter on t race element nutrition of plants 
have been reviewed in the previous chapter. This review will briefly 
consider the salient features of liming and soil-plant relationshipa 
of micronutrients, indicating the influence of lime x organic matter 
intera ctions whereever possible. Emphasis is on phenomena when soils 
are limed up toa pH of about 7 • 
.According to generalised conce,Pts, micronutrients in soils 
will belong to following fractions : water soluble, exdangeable, 
complexed or chelated, precipitated, occluded with secondary minerals 
but not as a principal constituentt and constituents of :;.n~imary mine-
rals, (VIETS, 1962 ; HODGSON, 1963). These forms uill maintain tin 
equilibrium, and the r emoval of soluble fractions by plants orleaching 
will set in a concentratien gradient towards the soluble f)rms. 
Influence of liming on the first t wo of the above-mentioned frac-
tions have been studied (VliKLANDER, 1960 ; LAKANEN, 1967). The former' s 
work showed a two folè effect of liming. On one hand it faveurs ad-
sorption of nutrients by substitution of calcium for more firmly held 
H and Al, thus decreasing the concentratien in solution of cations ether 
than Ca, and on the other hand by increasing the replacing power of 
H ions renders t he aqsorbed cations more available to plo.nts· o.nd 
leaching. The latterts work, in a way, verified these principles. Liming 
an acid soil to pH 7.6 to 7.8 resulted in a decreasein exchangeable 
trace mcto.ls upto r. pH of 7, increo.sing from thoreon with further 
rise in pli. Ad sorption maximum for Ca, Zn, and Sr, were related to 
concentrction, and for zinc, adsorption mechanism was found to be 
different in limed and unlimed soils. The influence of pH on the equi-
librium between different farms has also been elucidated. The impar-
tanee of H ions in deciding the dissociation, precipitation and equi-
librium status of an, element is well explained in the scheme (COTTENIE 
and GABRIELS, 1966) : 
MOH .;_ H+ OH- H+ 
.. + 





1 HOH HA 1 
complexation 
MA and MOH rerresent precipitates. This work also showed that the 
activity of Fe, Al, 1m, Zn and Cu in salution in equilibrium with the 
respective solid phase is essentially a function of equilibrium pH. 
In general, theoretically, the activity of all micronutrients, exoept 
molybdenum, will decrease with increase in pH. Molybdenum bearing 
compounds in soil will increase their solubility with higher pH, as, 
pJ( Ca :Moo
4 
= 2 pH - 13.41 p Mo0
4 
(F011ET and BARBER, 1967). 
In addition to the effect of liming on the concentrations of ions 
in solution, the interacting effects of pH and calcium on the uptake 
functions of plants deserve consideration. With its concentratien 
held constant, the uptake of iron by tomato plants increased over a Ca 
saturation percentage of 25 to 75 % and for manganese over 29 to 92 %, 
while the upt ake of zinc increased with increasing proportion of comple-
mentary hydrogen, (EPSTEIN and STOUT, 1951). WEAR (1956) showed that, 
if the pH of the soil is net significantly altered, Ca will stimulate 
Zn uptake from soils. I~~ibitory as well as s timulatory effects of 
ca lcium on manganese uptake has been proposed, the effect depending on 
the plant species (10HNIS, 1960). Entry of higher concentratien of 
calcium in the plant, with or without an accompanying change in the 
pH of the substrat a. , can cause inactivation of Fe (NEUMAN and WA.ISE1, 
1966), immobilisation of Zn (PAU1I et al. 1968) and decreased uptake of 
Boren (FOX, 1968). 
A comprehensive study on the effects of liming on the microelements 
was tha.t of PRICE and MOSCIIE1ER ( 1965). Studying the long time residuo.l 
effects of liming, they concluded that plant content of copper, cobalt, 
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manganese, zinc and iron were significantly d~çreased and that of 
molybdenum increased. Between the species of plants studied, i.e. 
soybean, peanut and archard grass, the rate of liming necessary to 
cause such a reduction varied. REITH and MITCHELL (1962-64) have ear-
lier observed similiar results in mixed po.stures, but the botanical 
composition of the samples ~s influenced by liming was as important as 
the soil treatment itself in deciding the micronutrient content. 
- Depressing effects of lime on trace element uptake has. aften 
been used advantugeously to correct heavy metal toxicities : zinc 
(STACKERS, 1943), nickel (CROOKE, 1956), manganese (NEEMAH, 1960 J 
GRAVEN et al. 1965). 
Following sections will consider the influence of liming on each 
of the micronutriant element Mn, Zn, Cu, Fe and Mo. 
Decreased solubility of manganese bearing compounds and the 
progressive oxidation of divalent manganese to higher valency farms 
are the most oomman effects of liming, on manganese (11ULDER and 
GERRETSEN, 1952)." High levels of exchangeable Mn in Podzol soils may 
++ 6 beoome unavailable by the oxidation of Mn , when limed to pH or 
above, and will cause deficiency in plants (FI}TK, 1966). Increasing 
the pH will hasten both m~crobial·and chemical oxidation, and the 
effect of pH is more due to oxidation of Mn, as it was shown that 
the uptake and transloco.tion of manganese from salution was indepen-
dent of pH (RIVERBARK, 1961). MISRA and MISHRA (1969) produced futher 
evidence that soluble and insoluble carbonate will render Mn in soil 
unavailable, and signified the effect of pH over that of accompanying 
ions. Seemingly opposite effect of liming has also been reported. 
JONES (1957) reported that liming a neutral soil of pH 7 to pH 8, by 
the addition of Ca(OH) 2, increased the Mn content of oats due to 
an increase in divalent IV'm ++ in the soil. This work also empho.sised 
the relationship between rise in pH and biological activity. 
Interaction of pH o.nd organic matter on Mn av~ilability has been 
++ elucido.ted by some 'ilorkers. HEIHTZE ( 1957) postulated tho.t Mn present 
53. 
as a complex with alkaline organic matter amounts to 10 to 20 % of 
total Mn and increasing pH favoured oxidation and complexing, both 
leading to reduced availability. Work of PAGE (1962) is important. 
Based on field experiments, the relation of soil pH to water soluble 
manganese was found to be incompatable with the theory that non 
availability of manganese ie the result of formation of insoluble 
higher oxides at higher pH values. Based on the relation between pH 
and p:Mn (water soluble) it was suggested that Mn beoomes unavailable 
through the formation of organic complexes and not due to biological 
oxidation. The capacity of complex formation will be controlled by pH. 
Zinc 
Higher pH and lima content have aften been responsible for the 
low Zn content of plants. However, reported work on the Zn content of 
plants as related to liming are not consistant. LLOYD (1960) showed 
that a s the liming rate increased from 2 to 8 tons/acre and the soil 
pH raised from 5.7 to 7~8, yield of flax and sorghum was limited by 
Zn deficiency and addition of magnesium partially corrected this 
effect• Equally significant results have been obtained for beans grown 
in sand culture (PAULI et al. 1968). Different view were put forward 
by MILLERand ADAMS (1964), who found that percentage of Zn in Cynadon 
dactylon was not effected by lime rates upto 7000 lbs/acre, but was 
reduced when 30000 lbs were applied ; and in the presence of higher 
rates of N, bath r at es of lime increased Zn uptake. Ineffectiveness of 
liming to significantly change the Zn concentratien of maize has also 
been reported by BROWN and JURINAK (1964), where addition of Caco
3 
upto a level of 50 % did not effect the Zn content of maize, though, 
it was expected that presence of free Caco
3 
will increase adsorption 
of Zn to unavailable farms. Explanation for such a behaviour is possi-
ble in that, Zn ratention by soils as influenced by equilibrium pH, 
•~. ~7 markedly between soils, and higher the buffering capacity, lower 
the effect of pH. TIWARI and MISRA (1964) showed that addition of Caco
3 
increased Zn retention. Maximum retentien took place at 2.5 percent 
Caco
3 
level in heavy soils and at 1o5 % level in light soils. Beyond 
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these dosages, the retentien assumed very low levels. So, increase 
in the rate of Caco
3 
does not necessarily lead to a corresponding 
increase in the retentien and fixatien of Zinc in soils. 
When soils with genetic variability are considered, soluble and 
exchangeable Cu are not related to pH (KAVI~~NDAN, 1964 ; CUPTA and 
1~CKAY, 1966)~ This idea seems to hold good if the soils do not con-
tain free carbonates, BDTJH.t'\ ..M et al. ( 1964) showed that between a pH 
of 5.5-6.5 in the equilibrium solution retentien of Cu by H-mont-
morillenite equal to the cation exchange capacity, but in less acid 
systems, formation of Cu(OH) 2 and Zn(OH) 2 would occur. Similiarly, 
in soils containing soluble or insoluble carbonates,retentionof Cu 
will increase with increase in pH, and under alkaline conditions, 
Cu will be precipitáted as basic carbonates and hydroxides .. 
Liming aggravated capper deficiency in organic soils, chiefly 
when the amount of lime sup:plied was small (SCHARRER and SCHAUMLEFFEL, 
1960). This implies that higher levels of lime might replace a portion 
of organic bound capper to more soluble forms (GILBERT, 1952). 
YOUNTS and PATTERSON (1964) reported that liming an acid soil high in 
organic matter to pH values more than 5.1, decrensed capper content 
and con~equently yield of wheat, and response to capper was better in 
the absence of lime. 
In mineral soils, liming in general, seems to be of little 
importance for Cu content of plants (BROW~ and JURINAK, 1964). It seems 
possible to infer from the foregoing review that liming to neutrality 
oen influence the copper content of plants only if the available capper 
content of the soil is already critical. 
Iron 
Increasing evidences are nou available to substantiate that the 
plant iron and its ro etabolie availability are more related to the genetic 





than t he presence of soluble iron itself. Difficulty in 
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using soluble iron fraption as a criterion for assessing iron chlorosis 
is well kno~n. Some of the more recent works will illustrate this 
relationship. 
MOKADAY (1961) showed that lime induced chlorosis of Dallas grass 
was caused by an interaction of structure and lime content of the soil. 
This effect wa s prominent only in heavy textured soils, but not in light 
textured soils and is related to soil aeration. The idea proposed was 





formed will be a function of partial pressure of C0
2 
(related to 




is the significant 





in Fe nutrition i w w~ll recognised (NEUiviAN and WAISEL, 1966). According 
to WII.LLIHAN and GAREER (1968), addition of Caco
3 
to the soil markedly 
reduced the efficiency of sweet orange roots to absorb Fe, but that of 
sour orange wa s only slightly effected, which suggests that the effect 
of Caco
3 
is that of ind~cing a differential sensitivity in these 
variaties to the mechanism that controls transfer of ions from the soil 
to the root~ Differential reductive capacity of the roots of the two 
different gÇ?not ypes of corn and sorghum, leading to different 11 efficiency11 
of iron uptake was the major factor in deciding their suaoeptibility to 
to chlorosis (BRQ1i\IN and BELL, 1969). 
Interaction of lime and organic matter can probably produce an 
effec ·t analogous to lime and texture interaction stated earlier, by 
cantrolling the partial pressure of co2 • Organic matter can also 
supplement the reductive capacity of roots at least in the rhizosphere. 
These organic matt er related soil environmental factors and the fate 
of organically bound Fe on liming have not been studied. 
Liming the soil is known to be as efficient as addition of molyb-
denum i n correcting Mo deficiency. Decreased availability of molybdenum 
in acid soils is at t ributed to the adsorption of molybdenum on hydro-
xides of Fe , Al and Ti (JONES, 1957), and clay (CHATTERGEE and 
DAKSHYNAMOORTI, 1962). A sharp decrease in the sorption of molybdenum 
will occur above pH 6 and will virtually stop between pH 7.0 and 7.5 
resulting in an increase in Moo4 in salution (JONES, 1957 ; REISENAUER, 
1962). 
As the pH increases, the anion exchange between OH .. and Moo
4
- will 
assume increased proportions (BARSHAD, 1951), increa.sing the Mo in 
solution. Effect of liming on the Mo content of plants is a direct 
function of Mo in solution, and in limed soils the concentratien in 
salution will predominate the otherwise decreasing effect of pH ón 
molybdenum uptake. While it is known that the organic matter can retain 
Mo in farms available ~o plants, interaction between lime and organic 
matter on Mo availability has not been investigated. 
III.2.1. In!e~a~tio5 be!w~e~ li~e_a~d_o~~nic_matie~ 
Limitation in the knowledge of this interaction on the micro-
nutrient nutrition of plants has already been indicated. However, 
certain assumptions can be made based on the theoretical considerations. 
From a theor~tical point of view, incorporation of organic matter 
in limed soil will bring about a considerable variatien in the distri-
bution of charges in the exchange complex, significant in liming and 
hence, plant nutrition. Organic matter will supply large number of 
dissociating functional groups such ad carboxyls, phenols, enolic hydro-
xyls and imide groups. Several organic rnatorials have properties of weak 
acids, with high buffering capacity, from a physico-chemioal point of 
view. Carboxyls are the major dissociating groups and their pH peutra-
lisation charecterestio is expressed by an equation as fellows : 
pH = pK + n log (S/1 - S) (COLEr./[AN et al. 1958) 
Where K is the intrinsic ionisation constant, n is an intelraa usually 
around 2, and S is the degree of neutralisation. Hydroxyl groups of 
organic matter will significantly contribute to the exchange cirac-
teristics at higher pH. Other acid groups of organic matter, probably, 
contribute less, since they do not ionise appreciably until a pH of 
neutrality. HELLING et al. (1964) assessed the average CEC of the or-
ganic matter as 36, 73, 127, 131, 163 and 213 m•e/100 g respectively 
for the corresponding pH values of 2.5, 3.5, 5.0, 6.0, 7.0 and 8.-0. 
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For the same pH range, the CEC of the clay was 38, 46, 54, 56, 60 and 
64 m.e/100 g. The mean relative contribution of organic matter to the 
total soil CEC in this group of soils varied from 19 % at pH 2.5 to 
45 % at pH 8.0. Above-stated reactions will have significant influence 
on the dynamics of trace element fractions in soils. 
Weak acid groups of organic matter will form complexes with the 
metals. S~ch a reaction is pH dependent, as shown in the following 
equation : 
Men+ + nHL ~=======~ Me(L) + n H+ (LAKANEN, 1967) n 
and rise of pH will enhance the stability of the complexes (RANDHAWA 
and BRO.L\.DBENT, 1965). It is also known that Ca-peat and Ca-montmorillo-
nite have high affinity for Zn and Cu, even when these ions exist in 
salution at low concentrations (D~~ rnRUM and JACKSON, 1956). 
Lime x organic matter interaction will also influence micronutriant 
availability, by changing the oxidation-reduction status of the soil, 
and biological a ctivity. 
Increased rate of mineralisation of added organic matter, that can 
b~ expected when limed to near neutrality, will stimulate higher rate of 
growth, which in turn will change the pattern of min~ral uptake of plants. 
III.3. Experimental details 
Soil 
- - - - - ~ - - - - -
Soil used was f.l. moderately acid sandy loam from ~,'lelle Experimente-l 
Station. pH of the original sample measured 4.7 iA KCl. Soil had 
4.2, 26,7 and 69.1 percent clay, loam and sand respectively and a 
CEC of 7 m.e/100 g of soil. 
~~~~::~ : 
After determining the neutralisation characteristics of the soil 
based on a titration curve, appropriate quantities of bulk soil 
were limed to obtain a calculated pH. range of 5 to 7. Rate of 








30 kg of soil were brought into ench of this treatment and maintained 
at field moisture capncity (15 %) for six weeks, to obtain the 
necessnry equilibriu~. At the end of six weeks, samples measured 
following pH values 









Bulk samples of limed soil were air dried under infrared light 
(30°C) till the samples appeared visually dry. Samples represen-
ting each pH unit, were potted in 24 pots of 1 kg and were super 
imposed with organic matter treatments. Well decomposed peat 
collected from the same souree as in the e.a.rlier experiments, 
was air dried, sieved through a 2 mm sieve, and used as a souree 
of organic matter. Organic matter level was 0 %, 5 ~~ and 10 % 
by weight (sample contained 6.3% moisture). Twenty four pots 
representing each pH unit were divided into three subunits of 
eight pots each and each subunit was under one level of organic 
matter. Each subunit was further split into two sets of four pots. 
One set received additional trace elements as indicated below and 
the ether received none. Each treatment was replicated four times. 
Each of the pots received major elements at the rate of 250 mg 
NH4No3
, 220 mg KH2Po4 




o. Nutrients were 
brought into sufficient quantity of salution to keep 1 kg soil at 
field moisture capacity. The nutrient solution was thoroughly 
mixed with the soil and orgnnic matter befere potting. In the se-
ries that received trace elements, sufficient quantity of a oompo-
site salution was added to give a concentratien of 10 ppm Nln, 10 ppm 
Fe, 5 ppm Zn, 5 ppm Cu, 2 ppm Mo, 2 ppm Co, and 1 ppm B. Mn, Fe, 












• Tro.ce element solution was also 
o.dded along with the major elements. 
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After mixing and potting, the pots were allowed to equilibrate 
for two more weeks before sowing. Pots were then sown with pre-
soaked maize seeds (Zen mays), 4 seeds per pot. Glass house tem-
parature was + 25°C and the pots were given artificial fluorescent ... 
light for 12 hours per day. Pots were thinned to 2 plants/pot 
after 10 days, and harvested after 50 days. 




100 g soil samples were incubated in plastic 
containers, exactly with the same pattern of treatments as in 
the pot experiment. Treatments were replicated twice. 
pH measurements were made once on the 30th. day and another on 
the 50th day. pH was measured in water with 1:5 r~tio of soil to 
water. Extractions were made with the following extractants, on 
samples drawn on the 50th day~ 
1) 0.5 N HN0
3 
2) 1 N NH
4
0Ac- (pH 4.8) 
3) 0.05 N EDTA (pH 7.0) (Acid salt of EDTA was used and the pH 
was adjusted with NH
4
0H). 
All extractions were done with 1:5 ratio of soil to extractant 
with half an hour shaking. 
~~~!~~~~ : Analysis of all experimental samples were done with 
a Direct Reading Spectrograph (Chapter 1). 
111.4, Restuls and Discussion - - - - - - - - - - - -
111.4.1, Qrz Elait~r_p.!:o.9:_ug_t_i_o_n : 
Addition of the trace element mixture resulted in a significant 
increase in dry matter production. 
Table 16 showe tho interaction between liming and organic 
matter on dry matter production. Since a combination of all the 
micronutrients was added, it was not possible to assess whether the 
response to micronutrients was due to one or more of the elements. 
TABLE 16 
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Effect of liming and organic matter on the dry matter 
production (mg) of maize* 
~---- ----- -~---- ----------------------- --~- ---------------------------i 
: : Without trace elements 1 With trace elements 1 
1 Lime ~------~--------------------~----------------------------: 
: levels : % Organic matter : % Organic matter : 
: I 0 I 5 I 10 I 0 I 5 I 10 I 
----- ____ J ____ ----_I_-------- -I..-------- .J-------- -io--- -------'------- --1 
I I I I I I I 
: 0 11 778.7 I 790.8 712.6 I 993.1 I 891.9 I 610.7 I I I I I I 
I I I I I I I 
1--- I 
I I 
: 1 746.1 701.4 816 .. 5 8)8 .. ~ 847.4 892.2 : 
I I 
~--------~--------+---------~--------~~~----~--~------~--------j I , I I I 
1 2 1 695e8 I 910o9 953.,7 I 846.7 I 1024o6 I 912.1 I 
1 I I I I 
_________ J ________ .J _________ .J---------~--------~---------4---------· 
* Effect of trace element and liming x organic matter interaction 
were significant at 5 r~ . 
Beneficial effects produced by organic matter in the limed soil 
cannot be attributed to any major element, since all the elements 
including Mg were in sufficient supply. Root production of experimental 
plants did not show any relation to the treatments. Hence, it is quite 
possible that the influence of organic matter on dry matter production 
in the lirned soil is mainly due to increased availability of micro-
nutrients. Further discussion on individual elements will clearly indicate 
that the plant uptake of micronutrients from the limed soil increased 
progressively with organic matter. But concentratien of micronutrients, 
in the treatments, that corresponds to the lewest dry matter production, 
was as much or slightly higher than the concentrations found in treat-
ments that produced the highest dry matter yield. So, it is clear that 
the absolute concentratien of individual trace elements in the foliage 
has nat been the major criteria influencing the dry matter production. 
While catogorising the sufficiency levels of individual elements in corn 
leaves, the importance of concentratien ratios between elements has been 
well r ecognised. Recently, PECK et al. (1969) sh~ved clear evidence of 
high correlation between the ratios of interacting elern.ents in the leaf 
media and yield of maize. It is suggested here, that in limed soils 
addition of organic matter had induced more favourable ionic balance in 
the foliage and t hereby enhanced yield. 
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The significant drop in the dry matter production at 10 percent 
peat addition in unlimed soil is difficult to explain. However, there 
is no evidence that it is related to concentratien of individual 
elements. 
111.4.2. fl~ciu~tioQs_iQ ~oil_p~ 
Data in table 17 show the ohanges in soil pH on liming and organic 
matter addition. The pH became practically stable after 30 days of 
incubation and a further period of 20 days seems to be insignificant. 
As 6spected, liming increased the pH values significantly. 
TABLE 17 pH values (pH H20) of soil incubated with lime and organic 
matter 
~--------,---------~-------------------------~--------------------------1 
: Period : . : Without trace elements l With trace elements l 
1 1 Llme ~-----------------~-------~--------------------------~ 
: . ofb l levels l % Organic matter l % Organic matter l 
I lllCU a- I I I I 
I t• I I 0 I 5 I 10 I 0 I 5 I 10 I 
I lOn I I I I I I I I 
--------~--------~-------~--------~--------~--------~-------~---------1 
I I I I I I I 
I 0 I 4e95 I 5.25 I 5.38 4.95 I 5.25 I 5.35 I 
I I I I I I 
I I I I I I 
30 days 1 6.25 6.05 5·82 6.22 5.95 5.80 
2 7 .?0 6-.62 6.30 6.92 6.42 6.20 
0 4.90 5.25 5o32 4.85 5'.22 5.30 
50 I days 1 
I 
1 6.30 5.96 5.85 6.32 6.05 5.94 
I 
2 7.25 6.65 6.30 7.12 
I 6.57 
I 6.36 I . I 
I I I I I I I 
1----------------------------------------------------------------------~ 
Effect of organic matt er addition was different in limed and un-
limed soils. In limed soil a gradual decrease in pH, with increasin~ 
rate of peat was observed which can be due to the following reasans 
a) active part of the peat is formed of acidoids, and from· ~ 
pJfco-chcmical point of view, a cts as an insoluble weak acid and can 
dissociate (PUUSTJARVI, 1969 ). Its capacity to bind cations will 
depend upon the number and nature of functional groups and on the pH 
of the medium, which will det ermine the dissociation equilibrium ; 
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b) the organic colloids of the peat due to its buffering capacity 
will resist the rise in pH that follows liming. 
In the unlimed soil, on the contrary, the addition of peat brought 
about an increase in the pH. Here, the relativa acidity of the un-
limed soil in comparison with that of the peat seemed to be the 
deciding factor. Peat used here has a pH of 4.8 in KCl and 5.1 in 
H2o, which are closely oomparable to the pH of the control soil. 
Significanee of these pH changes, with raferenee to ion uptake 
is indicated along with the discussion on individual elements. 
III .4.3. Ma_!lgan~s~ E_oluÈ.ili.:l?_y_a_!ld_Pla_!lt_u.E.t.ê:,k~ 
111.4.3.1. Extractable Manganese : -=-=-=-=-=-=-=-=-=-=-
Ammonium acetate extractable manganese, reprasenting exchangeable 
manganese (CARLOSTADIO and KAMPRATH, 1959 ; MISRA and MISiffi.A, 1969), 
decreased significantly on liming, the extent of decrease assuming 
higher proportions with increase in the concentratien of soluble manga-
nese (Table 18). As the relative free energy of Ca++ is lower than that 
+ +++ of H and Al , the adsorption of cations such as manganese will be 
favoured by higher calcium saturation of exchange complex. This will 
result in a dropintheir öonoentration in salution (WIKLANDER, 1960). 
Further, oxidation of Mn++ to Mn+++ and Mn++++, oocuring in well aerated 
soils above pH 5.5, will be more rapid between pH 6.0 and 7.5 (MULDER 
and GERRETSEN, 1952). With increase in pH, the concentratien of manga-
nese that can be held in soil salution in equilibrium ·. with its respec-
tive solid phase will also decrease (COTTENIE and GABRIELS, 1966). 
Within each level of liming, addition of peat resulted in. an 
increase in this fraction by chelating the indigenous and added manga-
nese and rendering them unavail~ble to oxidative changes (H~~STOCK 
a.nd LOW, 1953). The data produced ·' .here clearly show that the re-
versjon of exchangeable manganese to non exchangeable ;farms, as influen-
ced by liming, has been retarded by peat addition. MISRA and MISHRA 
(1969) produced direct evidence that addition of humic acid will 
increase the exchangeable Mn in soils of varying pH. A part of the 
manganese retained by peat will also be extracted by ammonium acetate, 
L 
TABLE 18 Extraetabie Manganese (ppm in air dry sample) content 
of soil incubated with lime and organic matter 
1 N NH
4
0Ac- (pH 4.8) 
--------------------------------------------~------------------------· I I U 1 
1 • • 1 Without trace elements 11 With trace elements 1 1 LJ.mJ.ng '--------------------------- ·-- .fl-----------------------------1 
I I ct! 11 I 
1 levels 1 7o Organic matter n % Organic matter 1 
I I · 11 • I 
I I 0 I 5 I 10 11 0 j 5 I 10 I 
1-------·--'---------~---------~---------~---------~--------~----------l I I I I 11 I I f 
I 0 I 7e3 I 8e4 I 14.4 11 27.5 I 28.1 I 30.G I 




u 7.5 ' 
I I 11 I I I 
1
1 
2 2 o 0 3 a 8 I 4 a 9 11 3 •9 I 8 e 1 I 16 .a 9 I 
I I I · 11 I I I 
~--------~--------~---------L----~----~---------~--------~--~-------1 
0.05 M EDTA (pH 7.0) 





47e5 I 65.0 78.8 11 59e4 · I 75.0 I 76.9 I 
I 11 I I I 
6 " 1 o.o 70.0 88.7 u 52.5 60.0 71.8 
11 




--------------------------------------------------------------------~ I I I I " I I I 1
1 0 11 67.5 1 79a4 I 81.3 11 77o5 I 82.5 I 93.8 I I I 11 I I I 




88.1 108.1 108.8 
I 11 
: 2 I 88.1 I 99.4 I 99e4 11 93e8 I 106.9 I 105.0 I 
L--------~--------~---------L---------~---------1---------~---------~ 
eventhough no conclusion can be made here, on the exact effect of liming 
on the manganese farms in organic matter. A seperate study on this 
aspect is reported in the next chapter. Significant increase in the 
ammonium acetate extraetabie mnngnnese, on addition of peat to unlimed 
soil, is well in agreement with the observations of CARLOSTADIO and 
KAMPRATH ( 1959). 
Acid soluble manganese increased with peat addition (primarily 
due to the high content of acid soluble manganese in peat itself) 
and with liming. The latter observation can be best explained in torms 
+ of the incrensed replacing power of H , with increase in the Ca satu-
ration of the exchange complex, thereby enhancing the efficiency of 
acid extraction in limed soils in comparison with unlimed soils 
(LAKANEN, 1967). 
EDTA extraetabie manganese increased with liming and peat addition, 
more significantly with the latter vàriable. It has been earlier esta-
blished that peat contains considerable amounts of manganese as chelates. 
Sinoe EDTA extracts both by ion exchange and chelation, it will extract 
a part of the Mn-organic complex by providing alternate ligands for 1m. 
An exact expression of the relative stability of Mn-EDTA Vs lU1-humio 
complex is not quite tenable since the formation constant of the latter 
complexes nre not dotermined. However ïtn-EDTA is known to be highly un-
stable in soils, with time (NORVELL and LINDSAY, 1969). But such unsta-
bility is not likely to be significant in this oase, since the extraction 
period was only thirty minutes. Increased extractability of EDTA on 
liming cannot be due to the rise in pH at which extraction took place, 
since the pH of the extracts of unlimed and limed soils varied only by 
about 0.1 unit. No adequate explanation oan be effered from this expe-
riment for the total lack of recovery of added manganese with EDTA. 
!!1.4.3.2. ~~~~!=~~!~~;-~~=~~~g~~~~~ 
Effect of liming : Liming reduced the uptake of manganese significantly 
-----~------~-~-
(Table 19). The addition of 10 ppm manganese inoreased the concentratien 
of manganese in plant tissue from 796 to 1493 ppm in unlimed soil. After 
liming to pH 6.95, the corresponding !hl concentratien were 119 and 110 
ppm respectively, showing tha t deorease in manganese Óontent with liming 
was proportional to soluble manganese. The criteria that decide manganese 
solubility and the presence of divalent manganese has been discussed 
earlier and it appears that manganese content of pla~ts in this 
inst anee is directly related to the presence of divalent manganese. 
JONES (1957), PRINCE and MOSCHLER (1965) and REITH and MITCHELL (1964), 
also have reported similiar effects of liming, when soils are limed 
to neutrality. 
TABLE 19 Uptake and concentratien of :Manga.nese by maize (shoot) in 
relation to lime and organic matter 
Concentratien ppm in dry matter 
~--------r----------------------------i----------------------------~ 
1 • • 1 Without trace elements 11 With trace elements : 
t L1me ~-------------------------~--*----------------------------~ 
l levels : % organic matter . ll % organic matter l 
I I 0 I 5 I 10 · 11 0 I 5 I 10 I 
'- --------1--------- -L.-- ------ .... _- -----·--JI---- --- --1... ---------L---------r 
I I I I il I I • 
: 0 : 796.3 : 515.8 : 402.8 ~ 1493.0 : 722.3 : 698.1 





I I I I 11 I I I 
I 2 I 119-6 I 81o5 I 100,8 11 11060 ·~· 148o3 11 401o5 11 I I I I · 11 .{ 
I---------1----------L.--------..I.-------·--JI---------I...--------..I---------..I 
Total uptake in ~g. 
,---------,----------~---------i----- --:--jj- ------- -~------ --- -~--- -------1 





392 •. 8 
I I I I 11 I I I 
: 2 : 79·7 : 72.5 : 105.7 :: 94.3 : 152.7 : 371.5 : 
1---------1----------L---------..I.---------JI---------L--------..I---------..I 
Souree of variatien 1F 1 values 
(Mn uptake) 
Liming 187 .22** 
Trace element 137 .22** 
Liming x Trace element 14.88** 
Organic matter 12.01** 
Liming x Organic matter 57.66** 
Trace elements x Org. matter 2.66 
Liming x Traae elements x 
Organic matter 19.69** 
** Significant at 1 % 
* Significant at 5 % 
l 
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Effect of organic matter In the unlimed soil, addition of 5 percent ------------------------
peat brought about a significant decline in manganese content of 
plants (Table 19) at bath levels of manganese, and increase in peat 
level decreased it further. This is in sharp contrast with the 
pattem of the extractable manganese fractions, and leads to the 
conclusion that peat has introduced factors that caused significant 
inhibition in the uptake of mangenese by maize, in spite of the in-
crease in soluble fractions. Increase in the ratios of Al/Mn 
(MEHLICH, 1957), Fe/Mn (DEKOCK and INKSON, 1962), Mo/Mn (KIRSCH et 
al. 1960) and Ca/r~ (VAN DIESTand SCHUFFELEN, 1966) 9 have been found 
to inhibit the uptake of manganese in certain species of plants. The 
data on soluble fractions of all elements concerned clearly show that 
all these probabilities are not relevant in this case. Molybdenum up-
take (Table ~6) which showed a significant increase under these treat-
ments, suggests a possible Mo-Mn interaction, but, since the relation 
between manganese uptake and organic matter was also the same in the 
series where Mo content was only in traces (series with no trace 
elements added) 9 Mo-Mn interaction if occured, was only of minor signi-
ficance. The slight increase in pH that accured for the corresponding 
treatments (Table 17) is an insufficient explanation for such a signi-
ficant decrease in plant content, from 1493 ppm to 698 ppm. 
It is relevant to point out here that in the experiment repor-
ted in chapter I, addition of peat upto twenty percent by weight 
did not produce a similiar effect in barley seedlings in any of the 
soils tested (Table 3). Uptalce of mo.nga.nese by barley seedlings in the 
last experiment and by maize plants in the limed series of this experi-
ment showed similiar relationships with peat addition. In the unlimed 
series, maize plants showed totally different relation. So, it is pro-
posed hero, that the inhibitory effect of organic matter on mangenese 
uptake in unlimed soil is apecific to maize plants, though a preoise 
explanation to the mechanism involved is not within the scope of this 
study. 
Effect of interaction between lime and organic matter 
-----------------------------------------------------
Interaction between liming and organic matter showed a two way 
influence on mangenese uptake. Liming decreased the mangenese content 
of maize at all levels of organic matter, whereas organic matter 
enhanced manganese uptake progressively at both levels of liming (Table 
19). It is possible that organic matter has supplied reducing groups, 
proportions of which will vary on the degree of neutralisation of 
functional groups, resulting in an increase in the supply of divalent 
manganese to plants in limed soil (Table 18). The rata of auto oxida-
tion of divalent manganese has been reduced by added peat, and it is 
evident that addition of organic matter can offset the effect of 
liming on mangenese to a significant extent. It is also possible 
that an increase in the calcium concentratien has caused displacement 
of manganese from relatively unstable Mn-organo-complexes ; and ions 
so displaced within the rhizophere will be available to plants. A 
seperate experiment to study this phenomena is reported subsequently. 
Increased growth produced by the lime x peat interaction might have 
also stimulated increased upteke of manganese. 
III.4.4. ~inc_s~l~b~litx ~nd El~i EFia~e_: 
III.4.4.1. Extractable Zinc : -c-=-=-=-=-=-=-=-
Liming alone did nat alter the ammonium acetate extractable zinc 
to any significant proportions, except for a slight decrease when 5 
ppm soluble zinc was added (Table 20). This is cont~ry to some of the 
' reported work that liming by enabling a preferentiel adsorption of 
cations on the exchange surface, and by increasing the net negative 
charge on the soil particles, increased the amount of adsorbed zinc 
(LAY~NEN, 1967). However, it should be realised that increase in the 
net negative charge of soil particles on liming, proposed by LAKANEN, 
will be of significanee only as far as its contribution by the organic 
matter is concerned. For mineral fractions, such increase in n~t 
negative charge will be negligible. Possibility of preferentiel ad-
sorption of cations, when exchange complex is dominated by Ca ions, 
68. 
TABLE 20 Extractable Zinc (ppm in air dry sample) content of soil 
incubated with lime and organic matter 
1 N NH
4
0Ac- (pH 4.8) 
r---------r----------------------------r----------------------------1 
: . . l Without trace elements 11 With trace elements : 
1 L1me r----------------------------~---------------------------~ 
I 1 ~ 1 . : % Organic matter . ii % Organic matter : : e re S : 0 : 5 . : 1 0 : r 0 . : 5 , I 1 0 : 
r- --------r-- ---'i--T-- -------,--------:-- -lt- -- ----r--ï- -------1-----:--ï -,..., 
: 0 : 1,5 ' : 22.0 : 38.5 : :: 6.8 ' : 28.5 ' : 45.0 ' : 




I I i ! 11 I I I 
: 2 : 1.5 : 18.0 : 29.3 . il 4.3 : 20.3 : 30.5 : 
1-------- __ I_--------l--- -- ____ I ___ ------ _11. ___ ----- J ________ J_ ------ ___ I 
Oo05 M EDTA (pH 7) 
r -------- -r --------T-- -------r-------- -,r---- ----,--------ï-- ---- ----~ 
: 0 : 4.5 : 43.3 : 62.0 :: 9.8 : 45.5 : 71.0 : 
11 
1 51.0 62.2 :: 10.2 
I 11 I I 
: 2 I 5o2 1 40o5 1 67.8 ~~ 12.5 : 43o5 : 66.0 1 
~---------L--------1---------L--------JL ________ J ________ J _________ J 
0.5 N HN0
3 
r---------r--------T---------r -------- -,r--------,--------ï-------- --~ 
: 0 : 8 • 1 : 4 5 • 7 : 81 • 0 :: 1 6 • 9 : 5 4 • 0 : 1 0 1 • 3 : 
11 
1 49 .5 :: 16.9 82.8 
I I I I 11 I I · 1 
: 2 : 7.8 : 45.0 : 82.5 :: 14.5 : 46.7 : 69.8 : 
L---------L--------l---------L---------~--------J--------~---------~ 
is seen in the presence of added Zn (Table 20). Here, extractable Zn 
decreased slightly at high lime application, and supports the idea 
that calcium saturation of soil will render relatively more Zn, non 
exchangeable for NH
4 
ions. Relatively poor recovery of added Zn should 
also indicate increased adsorption of Zn with increase in Zn concen-
tratien in the soil. D~JBRu~á and JACKSON (1956) have taken the view 
that part of the Zn in exchange complex will be retained by sites 
specific for Zn, attached to the OH group of the silicate layer crystal 
lattice. Data produced here, however, do not give indications that 
liming will increase adsorption of Zn (with reference to NH4 exchan-
geable Zn) and precipitation of Zn to Zn(OH)
2 




0Ac- extractability of zinc increased linearly with 
peat addition, the effect of liming was increasingly evident at higher 
content of organic matter. Recovery of added zihc was slightly higher 
with organic matter in the absence of lime. Interaction of lime with 
organic matter resulted in asighificant dropinr~overy. It is clear 
that the increase in the soluble zinc after addition of peat resulted 
in a relative increase of the adsorption by soil and organic colloids 
and possibly has entered into chelation reaction. A very similiar pattem 
in extractability was produced by HN0
3 
as well (Table 20). The fact that 
higher concentratien of sol uble zinc is a prerequisite for such a 
complex formation is revealed in tabl e 20, where a decrease in acid 
extractability as related to lime x organic matter interaction occured 
only when 5 ppm of Zn wa s added. Formation of highly stable Zn-organo-
clay complexes is suggested as a possible mechanism, and contrary to 
the observations of MARTENS et al. (1966), the complexes so formed are 
not acid soluble. Higher pH of t he limed soil will be complementary to 
such an effect. Highly specific affinity for the adsorption of Zn by 
calcium saturated colleidal system was indicated by the work of 
DEMUMBRUM and JACKSON (1956), in which they showed that Ca-montmorillo-
nite, and calcium-peat can accuroulate zinc ions from very dilute 
solutions in equilibrium with such relatively insoluble compounds as 
ZnO, Zn(OH) 2 , and zn3
(Po
4
) 2 • It is significant here to note that 
70. 
in spite of high zinc content of peat, a significant portion of added 
zinc was rendered insoluble in 0.5 N HN0
3 
as a result of peat-lime 
interaction. It is concluded here that such insoluble complex forma-
tions are essentially confined to systems which are high in soluble 
zinc and functional ligands. 
EDTA extracted nearly twice t he amount of Zn oempared to ammo-
nium acetate, and like t he other two extractants, increased progressi-
vely with peat addition. Zn-EDTA complex has a stability constant 
(log K) value of 16.1 at pH 7 (VI RO, 1955) and hence, EDTA will ex-
tract a part of the Zn-organo complex associated with peat. EDTA 
extraetabie Zn did not reveal the influence of peat-lime interaction 
on Zn mobility, unlike other extraetabie fractions. Highly significant 
correlation between EDTA extractability and plant uptake of Zn (Table 
28), however shows that, in spite of the higher stability of Zn-EDTA 
complex, EDTA extracted fractions of zinc whioh repreaent plant avai-
lable pool. 
III.4.4.2. Plant uEtake of Zinc : 
-=-=-=---=-=-=-=-=-=~ 
Unlike the extractable fractions, liming alone decreased the 
uptake of zinc significantly (Table 21). Response of added zinc wa~ 
consistant in all treatment combinations in limed soil. 
Varying results have been reported regarding the influence of 
liming on zinc content of plants. BROWN and JURINACK (1964), and MILLER 
and ADAMS ( 1964) did not find a significant difference in zinc content 
of Zea mays and Cynadon dactylen, when soils were limed. In the fermer 
case, addition of Caco
3 
was as high as 50 percent. LLOYD (1960), 
PRICE and MOSCHELER (1965) and PAULI et al. (1968) reported seemingly 
opposite evidence. A critica! evaluation of all these works does show 
that the effect of liming on the plant content depends on the degree 
of pH changes that followed liming, rather than on the rate of liming 
as such. Soils with which BROWN and JURINACK worked, where the least 
effect of liming was reported, varied in pH only from 7.0 to 7.8 ~ven 
with addition of Caco
3 
up to 50 percent ; whereas in the work of 
PAULI (1968) where, liming reduced zinc concentratien to the extent 
TA:BLE 21 Uptake and concentration of Zinc by maize (shoot) in 
relation to lime and organic matter application 
Concentration-ppm in dry matter 
71. 
----------------------------·-----------------------·----~-~---------
: Without trnce elements ll Wi th trace elements l 
~----------------------------*-----------------------------1 1 Lime 1 dl 11 l1l 1 
1 1 1 · 1 7o organic matter · 11 7o organic matter , r I eve S · I 11 I 
I I 0 J I 5 I 10 · 11 0 I 5 · I 10 I 
1---------~----------~--------~---------*--·-----~---------~---------~ 
: 0 : 119.7 · : 234 0 ; 237.0 :: 161.8' : 215.7 : 306.8 : 
I I I 
0 
I n I I I 
1 148.5 195o4 ll 100.2 
11 
170.6 238.5 
2 46.1 108.1: 142.5 ll 83.2 122.2 186.1 : 
I I I I 11 I I I 
l--------------------l---------+---------~--------+---------t----------""1 
Totnl uptake in ~g. 
~--------~---------~---------+---------~--------+----·----t-----------1 
: 0 : 91.8 : 187.5: 167.0 :: 160~3 : 191.6 : 189.6 : 
I I I I 11 I I I 
1 43.6 99.8 161.2 ~ 83.9 142.5 212,7 
11 
2 ll I 2 171 o6 I 32.3 I 95!o3 I 133o9 ~~ 70o5 : 124o 
·------------------------------------~-------------------------------~ 
Souree of variation 
Liming 
Trace element 
Lime x Trace element 
Organic matter 
Lime x Orgn.nic matter 
Trace elements x Organic 
matter 
Lime x Trace element x 
Organic matter 
** Significant at 1 % 
* Significant at 5 % 











of limiting plant growth, was in sand culture with no possibility 
of buffering pH changes. Added evidence oornes from the work of WEAR 
(1956) that decrease in Zn content with pH was an exclusive pH 
effect and not a calcium effect. Observations pertaining to this 
study (Table 20 & 21) show that whereesthe ammonium acetate extrac-
table fraction did not show any observable relation to rise in pH, 
plant uptake did significantly, leading to a more specific conclusion 
that the exclusive effect of pH postulated by WEAR (1956) is not 
primarily related to the soluble zinc fraction in soil, but is related 
to the uptake meohanism of the plant. It may be that with the concen-
tratien of zinc held constant, the uptake of zinc will decrease with 
rise in pH. Support for such an idea oornes from the work of MARTENS 
and CHESTERS (1967) which expressed 
Zn uptake ~ K (Extractable Zn) x (H+ activity) 
Data produced in this experiment showed that in the absence of organic 
matter, liming decreased the plant uptake as the H+ aotivity decreased, 
though the extractable Zn remained constant, the product being a net 
decreuse in uptake. 
Effect of interaction between lime and organic matter 
--------------~--------------------------------------
The result of this interaction was similiar to manganese, i.e. 
organic matter increased the zinc content of plants at all levels of 
liming and liming decreased Zn content at all levels of organic matter 
(Table 21). Effect of organic matter was progTessive, s~owing a direct 
contribution of peat in increasing soluble zinc. Addition of peat to 
limed soil has also resulted in a decrease in pH, which should favour 
the uptake of Zn. A part of the zinc bound by the organio complex may 
also be displaced by increased Ca++ aotivity. The role of organic mat-
ter in offsetting the effect of liming is very clear, and its implica-
tion in zinc deficient soils of high pH is important (GRill{ES et al. 
1961). 
Contrary to the effect of organic matter on the manganese content 
of maize in unlimed soil, zinc uptake was not inhibited by organic mat-
ter. Concentratien of Zn in plant tissue increased progressively with 
73· 
organic matter when soluble Zn was added, but with the indigenous 
zinc the relationship was not linear. The latter observations may be 
partly due to the increased immobilisation of Zn in the roots. This 
phenomenon has been discussed in previous study and addition of soluble 
Zn could have evereome this due to higher concentration. While consi-
dering the uptake figures, allowence has to be given for the decrease 
in dry matter production in the unlimed series, and hence the data on 
uptake appear to show different types of a response to organic matter 
addition, as against oencentratien data. 
It is wothwhile to point out here, the significant departure 
from the aften reported rele of organic matter on Zn content of plants. 
Several workers have produced evidence that addition of organic matter 
would inhibit the uptnke of Zinc by plants as the zino enters into 
complexes with organics (MILLER and ~HROLOGGE, 1958 ; DEREMER and @~ITH, 
1964 ; MEELU, 1967). Results of this study clearly shows that such 
a possibility holds good only if there is increasingly high amounts of 
ligands in proportion to the amount of ions in solution. 
III.4.5. lr2n_sQl~bil!tx ~ni ~l~ni ~ta~e_: 
III.4.5.1. Extraetabie iron: -=-=-=-=-=-=-=-=-
The effect of the interaction of pH and organic matter on the 
ammonium acetate extraetabie Fe was significantly different from the 
results obtained for other cations. Bath liming and organic matter 
considerably decreased this fraction (Table 22). Organic matter caused 
a direct decrease presumably by complexing the exchangeable Fe, and 
thereby redueed the influence of higher pH. Thus, at organic matter 
levels of 5 and 10 percent, the amount of exchangeable Fe was indepen-
dent of liming. At the highest peat level, extraetabie value convergod 
to a constant amount irrespective of lime status. When 10 ppm soluble 
iron was added, in spite of the lack of any additional recovery of Fe, 
the effect of liming became more pronounced, i.e. a higher amount of 
iron was rendered non-exchangeable at higher pH and a slightly h~gher 
amount of Fe was in salution in the unlimed soil. It Îs then clear that 
the effect of liming has been partly limited by the conoentration 
74. 
TABLE 22 Extractable Iron (ppm on air dry sample) content of soil 
incubated with lime and organic matter 
1 N NH
4
0Ac- (pH 4.8) 
r ---------,--------------------------:-- ï.------------------------------i 
l ' l Without trace elements 11 With trace elements 1 
I Lime ~----------------------------1r----------------------------l 
l levèl~ : % Organic matter 11 % Organic matter . l 
I ; I 0 I 5 ' I 10 · 11 0 ' I 5 > I 10 > I L ________ J---------L------~--L--•-----~-w-~-----~--~------~------·-~ r I ' . I I - . 11 I I l I 






25 .o : 12.5 
I I I I 11 I I 1 
: 2 l 1 5. 0 : 1 5. 0 : 1 2. 5: :: 12.5 : 7. 5 : 7. 5 : 
L--------J---------L--------~--------~---------~----------~--------J 
0.05 M EDTA (pH 7.0) 
r--------,---------r--------,---------i---------1----------~---------• 
: 0 : 11 5 • 0 : 21 2 • 5 : 2 6 0. 0 :: 1 00 • 0 : 1 9 3 • 8 : 2 3 7 • 5 
11 
1 127.5 237.5 287.~ 11 125.0 225.0 262.5 
11 
I I I I 11 I I 




261.2 I 281.2 I 288.7 





: 0 : 367.5 : 387.5 : 412.5 :: 472.5 : 466.3 : 456.2 : 





525'.0 : 562.5 500.0 
I I I I 11 I i I I 
: 2 : 502.5 l 512.5 : 500o0 U 546.3 : 552.5 : 487.5 : 
~--------l ________ J _________ J _________ ll---------~---------~----------1 
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of soluble iron in the soil. The complexing of soluble iron during 
incubation has rendered it non accessible for oxidative changes 
that will follow rise in pH~ It is known that liming will decrease 
the ammonium acetate extractability by decreasing the solubility of 
amorphous Fe(III) oxides and by enhancing the oxidation rate of Fe++ 
(HODGSON, 1963). Increased microbial activity that will follow liming 
will cause oxidation of Fe++ and also immobilisation in the microbial 
tissue. Microbial immobilisation of Fe has been observed in a sepe-
rate study reported elsewhere in this thesis (Chapter V). 
MANDAL (1961) and MEEKet al. (1968) have emphasised the role 
of organic matter in the dissalution of iron by lowering the reduction 
potential. Conclusions from this study show that such reducing function 
of organic matter will held good only under anaerobic conditions, while 
incubation of organic matter with soil under aerobic conditions may 
well produce an opposite effect. 
EDTA extracted higher amounts of iron with organic matter irres-
pective of liming, nnd liming increased this fraction further at all 
levels of organic matter. Higher stability of Fe-EDTA complex over a 
part of Fe-humic complexes is clear. The lack of recovery of added iron 
suggests that EDTA extracted a specific fraction of iron, while the 
added iron has been integrated into another pool. 
Reasens for the nearly two fold increase in the EDTA extractability 
of Fe after liming are not clear. Similiar results were obtained for 
Mn and Cu as well, but not for Zn. This cannot be related to any possible 
increase in the stability of the Metal-EDTA complexes, as a. result of 
rise in pH during extraction. The pH of the extract between limed a.nd un-
limed series varied only to the extent of 6 and 6.15. It is known tha.t 
Fe-EDTA is most stable in soil systems between a pH of 5·. 7 and 6.1 and 
will start to be unstable at higher pH ; Zn-EDTA a.nd Cu~EDTA are most 
stable between pH 6.1 and 7.3 (NORVELL a:n.d LINDSAY, 1969). This shows 
that the pH at which extractions took place in this experiment, was at 
optimum levels for all the three complexes. So increase in EDTA extrac-
tability with liming is not due to difference in pH during extraction. 
Bibliotheek 




Uptake and concentratien of Iron by maize (shoot) in 
relation to lime and organic matter 
Concentration-ppm in dry matter 
r---------r------------------------~--r-----------------------------1 
l l Without trace elements 11 With trace elements : 1 Lime r---------------------------r-----------------------------1 




ob organic matter l levels 7° 
: : 0 : 5 ' : 10 . ll 0 : 5 : 10 : 
r---------r--------r------~-,---------r--------,----------r---------1 
: 0 : 1 2 4 • 1 : 14 9 • 8 : 1 3 4 • 9 ll 6 3 • 9 : 1 06 • 2 : 11 8 Q 2 : 
I I f 
I 
1 106.8 123.7 139.1 73·1 86.2 117.2 : 
I 
r---------~--------+---------~--------~11~------~r---------~----------:, 
2 108.9 110.8 116.2 ll 80.2 95.4 132.1: 
I I I I 11 I I I --------------------------------------------------------------------
Tot al uptake in ;..., g. 
r---------r-------,---------~---------~--------,---------,----------1 
: 0 l 95e5 l 119.4 : 95.2 ll 64.5 l 91.5 l 72,.6 l 
1 80.0 112.8 
11 
11 
11 70.8 105.5 
11 I 
2 73.9 99.4 110.4 ll 67.4 99.9 121.9 : 
I I I I 11 I I I --------------------------------------------------------------------
Souroe of variatien 
Lime 
Trace element 
Lime & Trace elements 
Organic matter 
Lime x Organic matter 
Trace element x Organic 
matter 
Lime x Trace element x 
Organic matter 
** Significant at 1 % 











Further discussion will reveal that changes in the chemical 
forms of iron, either due to liming or organic matter, have little 
relevanee with reference to plant uptake of iron. 
III.4.5.2. Plant uEtake of Iron -=-=-=---=-=-=-=-=-=-
Table 23 shows the concentratien and plant uptake of iron 
with reference to liming and organic matter. Liming alone did not 
effect the uptake of iron by maize significantly, but in the absence 
of any added trace elements, a trend towards decrease in Fe content 
with liming was observed. Liming the soil to neutrality has not been 
known ~o impair the_Fe uptake of plants. On theether hand, the well 
known nlime induced11 chlorosis is often encountered in overlimed soils 




- ions (BRO~~, 1961). In this experiment, at the highest rate 
of liming the pH rose to 7.1 and can not be considered as over limed. 
Futher, the capacity of the maize plant roots to reduce the 
ferric iron to ferrous iron at the rhizophere to enable them to absorb 
sufficient iron has also been established (BROVlN and BELL, 1969). 
Similiarly PRICE nnd :MOSCHELER (1965) have reported that addition of 
up to 4 tons of lime did not effect the Fe content of soybean and 
peanut leaves, but caused a decrease in erehard grass. It seems possible 
to conclude that relationship between liming and Fe content is considê~ 
rably species related, and unless overlimed, it is not li~_ely to induce 
iron deficiency in maize. I 
The significant decrease in the Fe content of plant~ v1hen trace 
.• 
element, including 10 ppm soluble Fe, was added is possibly due to the 
competition of soluble roetal ions other than Fe, for the uptake of Fe. 
Several metal ions, such as Cu, Zn, Mn, Mo o.nd Ni have.' been found to 
' 
inhibit the uptake of Fe ions, even to the extent of causing iron 
chlorosis (WALLIF .... AN, 1966). BROWN ( 1961) has shown that even in cal-
careous soils, the ro.tio Fe/Cu and. Fe/(Cu + 11n) could .be as important 
in deciding the chlorosis as the supply of Fe itself. Results produced 
here confirm this and it is important to cbserve that the uptake of 
iron was inhibited even though 10 ppm soluble Fe was included in the 
trace element mixture. It is not possible in this study to indicate 
which one of the metals, alone or in combination, has caused inhibition . 
of Fe uptake. 
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Concentratien of Fe in the plant increa sed with organic matter 
a t all l evels of liming. In the unlimed series the first level of 
organic matter alone was significant, whereas in limed series relation 
to organic matter was progressive. The result of lime and organic 
matter int eraction on Fe content of plants can be partly due to the 
drop in pH that followed incorporation of peat to limed soil (Table 
17). Growth promoting effect of lime and organic matter interaction 
and the avai lability of organically bound iron should have also 
increased Fe uptake in limed soil. CHESHIRE et a l. (1967) has reported 
an increase in the uptake of native and added Fe by oats grown in an 
acid peat in the presonce of lime. 
III.4 .6. Qo.J21l~r_s.Q.l~bilitx ~ni_ _El~n.i ~!a~e_: 
111.4.6.1. Extractability of Capper: 
-=-=-=-=-=-=-=-=-=-=-=-=-
Limited data on ammonium acetate extractable Cu fraction showed 
that this fraction was not r elated to liming and nearly disappeared 
in the presence of added organic matter. This is understandable in 
view of the highly sigDificant capper retentien factor for peat humic 
acids (SZALAY and SZik\ZYI, 1968), even to the extent of inducing Cu 
deficiency in plants. 
EDTA oxtracted increasing amounts of capper vrith increasing peat 
addition. Stability of Cu-EDTA complex is characterised by a complex 
constant of 18.3 (Log K) determined at pH 7.3, as against the log K 
of 8.69 and 7.0 for Cu-fulvic a cid and Cu-humic a cid respectively, de-
termined at pH 5. Though constants were det ermined a t ~ifferent pH, 
the higher stability of Cu-EDTA is evident. Cu will be then preferen-
tially chelat ed by FJ)TA, increasing the conccntration ,of Cu in the 
extract proport ional to the peat addition. Cu was th~ only metal ion 
which shovred additional recovery wi th added Cu in ED.TA extract. Signi-
ficanee of the EDTA extractable fraction is shoun by the significant 
correlation between EDTA extractability and plant uptake (Table 28). 
Similiar to 1fu and Fe, EDTA extracted higher amount$ of Cu with 
liming at all levels of organic matter. 
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TABLE 24 Extractable copper (ppm in air dry sample) content of 
soil incuba t ed with lime and organic matter 
---------------------------------------~-----------------------------1 
: . l Without tra ce elementsll With trace elements : 
1 L~me ~---------------------------~----------------------------- 1 I I erf. • 11 of_ • I 
1 levels 1 1o 0-cgnn~c matt er u 7o Organ~c matt er 1 I • I · 11 I 
I I 0 I 5 I 10 · 11 0 I 5 • I 10 · I 
~----------~--------~---------~--------·---------~--------~----------1 
I I I I · 11 I I I 
I 0 I (0a5 I ..(0.5 I ~0.5 11 1.25 I (0.5 I (0.5 I 
I I I I 11 I I I 
1 11 11 
11 
1 .oo I I < 0.5 
I 
11 I 
2 ( 0.5 <.Oo5 <.0.5 11 1.25 ( 0.5 <_0.5 I 
I I I I 11 I I I 
~---------~---------+---------~--------~--------~---------~----------· 
0.05 N EDTA (pH 7) 
----------~---------+--------~---------~--------~---------~----------1 I I I 11 I I 
I 0 I 1.0 I 3o5 I 5.3 11 4a5 I 7.5 I 8.5 
I I I I 11 I I 
1 2.8 11 11 
11 
: 2 2.0 4.5 6.3 11 6.8 8.7 10.3 
I I I I 11 I I 
~---------~---------+--------~---------~--------~---------~----------
---------------------------------------------------------------------










2 3.0 5a5 6.8 11 9.5 I 10.3 9a3 
I I I I 11 I I 
l----------~---------~--------~---------~--------4---------+----------
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TABLE 25 Concentratien and uptake of copper by maize (shoot) in 
relation to lime and organic matter 
Concentration-ppm in dry matter 
.---------ïr----------------------------~---------------------------~ 
: l Without trace elements 11 With trace elements l 
1 Lime r-------------------------~--~---------------------------~ 
: : % Organic matter ll % Organic matter : 
l levels . l 0 . : 5 : 1 0 · 11 0 : 5 ' : 1 0 l 
.----- ---- -~-------- -,. -------- -r- ---------~-- ------t------ ----+--------~ 
: 0 : 10.7. : 12.6 : 12.6 :: 11.1: 11.0: 11.5: 
I 11 I I I 
1 10.9 11 11 
11 
I I 
I 1 I I 11 I I 3 3 I 
1 2 1 0c5 1 10.0 1 9o8 U 11.2 I 10.2 I 1 • I 
L----------~--------!---------~---------~--------~---------~---------l 
Total uptake in ),v g. 
r----------r--------~---------r---------~--------.----------+---------1 
l 0 l 8.3 : 10.0 : 8o9 ~~ 10.8 l 9.5 l 6.9 l 
I I I I 
1 8.8 11 11 8.6 10.2 
I I I 
: 2 : 7~3 : 8.9 : 9.4 ll 9'·4 : 10.5 : 12.3: 
L----------L--------!---------~---------~--------~---------~---------1 
Souree of variatien 
Lime 
Trace element 
Lime x Trace element 
Organic matter 
Lime x Organic matter 
Trace element x Organic 
matter 
Lime x Trace element x 
~ganic matter 
** Significant at 1 % 
* Significant at 5 % 
1F 1 va.lue 
Cu uptake 
2 . 00 
5 . 26-::-
1. 47 
,~ . 73 




111.4.6.2. Plant uptake of Capper : 
-=-=-=-=-=-=-=-=-=---=-
Liming alone did not effect the Cu content of maize plants 
(Table 25). Similiar results have been reported for maize plants even 
with high amounts of Caco
3 
addition (BROWN and JUR1NACK, 1964) and also 
for oats grown in peat soils (CHESH1RE et al· 1967). Changes in pH 
below neutrality were shown to be of secondary importance in Cu availa-
bility to plants (HODGSON, 1963) and complexing of capper by insoluble 
humic acid is a more often quoted reasen for Cu deficiency (ENN1S, 1962) 
than soil pH. On the other hand, significanee of soluble Cu complexes 
in soil in the Cu nutrition of plants is well recognised (HODGSON, 
1965) and the apparent inability of lime to render Cu insoluble, as 
seen in this work, may well be due to the existance of soluble capper 
as complexes. Opposite results were however furnished by YOUNTS and 
PATTERSON (1964), and PR1CE and MOSCHELER (1965), where, addition of 
lime resulted in a reduction in Cu uptake to the extent of limiting 
wheat yield in the farmer case. 
Addition of soluble capper significantly increased the net Cu 
uptake by maize, but not its concentratien in the plant tissues (Table 
25). 1t has been pointed out that for cerals, the yield can be increa-
sed by over 50 percent with capper application in capper dificient soils 
without increasing the Cu content of grain or straw. (RE1TH and 
M1TCHELL, 1962-64). Results with maize plants produced here (Table 25) 
are in accordance with this, and the significant differences found in 
the uptake figures are essentially complementary to the differences in 
dry matter product ion. Ho\7ever, Mi\.CKli.Y et al. ( 1966) and CHESHIRE et 
al. (1967) have reported increase in the plant content of capper with 
capper fertilisation in capper deficient organic soils. 
Effect of organic matter alone on capper uptake was not significant. 
The relative unavailability of Cu, complexed with peat, has been discussed 
earlier. The significant decrease in the Cu uptake in the presence of 
trace elements is partly due to the similiar trend in dry matter produc-
tion. It is also worthwhile to indicate the possible Mo· x: Cu antagonism, 
which can result in a decrease in the Cu uptake. It can be seen that 
such sharp decrease in capper uptake was not observed when trace ele-
ments were not added, and the decrease in Cu uptake was concomitant 
with an increase in the concentratien and uptake of molybdenum (Tabl•9 26). 
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The possibility of molybdenum inhibiting Cu uptake is well implied. 
Ionic antagonism between Cu and Mo where application of one element 
significantly effects the content of the other in plants has been well 
established (1ffiCKAY et nl. 1964 & 1966). 
Cu uptake was significantly increased by lime and organic matter 
interaction, but not concentration. The highest concentratien and up4 
take of Cu wa s found at the highest level of lime and organic matter. 
Increase in Cu uptnke with organic matter in limed soil indicates that 
added organic matter has supplied small amounts of soluble copper, 
fairly proportional to the increase in dry matter, and hence the con-
centration in the plant was kept constant or slightly higher. 
III.4.7.1. Concentratien and uptake of Molybdenum in plants: 
-=-=-=-=-=-=-=-=~=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
Since the concentrations of molybdenum in the maize plants, grown 
without the addition of soluble Mo, were all below the limits of 
detection of the analytical methad employed in this study, the following 
discussion relates to interactions that take plnce with added molybdenum. 
TABLE 26 Concentratien nnd uptake of added Molybdenum by maize 
(shoot) in relation to liming and orgnnic matter 
~--------------------------------------------------------------------1 I 11 
1 1 Concentratien in ppm 11 Uptake in.;t...g. 
1 Lime ~---------------------------~~----------------------------
1 I ol. 11 ai • 1 1 1 ~o Organic matter 11 ,ra Organic matter 1 eve s 1 11 
I I 0 I 5 I 10 11 0 I 5 I 10 
~----------~--------~---------~--------~~--------L---------L---------1 I I I 11 I I 
I 0 I 12 o3 I 51 o3 I 87.1 . 11 12 o4 1
1 
43.8 11 1)1.2 I I I I · 11 • 
I I I I 11 I . I 
I 1 I 81o9 I 79o4 I 87o4 11 71.5 I 66.9 I 74o7 
I I I I 11 I I 
I I I I 11 I I 
: 2 : 213.0 : 124.3 : 145.7 11 180.4 : 126.7 : 133.3 
~----------------------------------------·----------------------------
Souree of varintion 1F 1 value 
Mo uptake 
Liming 13.18** 
Liming x Orgnnic matter 7.49** 
Organic matter 0.91 
** Significant at 1 % 
Concentratien and uptake of added molybdenum in relation to 
treatments are shown in table 26. Additión of 2 ppm of molybdenum 
along with other trace elements resulted in a marked increase in the 
plant content. With certain treatments, the concentrations reached as 
high as 213 ppm in maize plants, much higher than the level considered 
ha za rdous for animals. No direct toxic effects of molybdenum to plant 
growth has so far been reported. Increase in the pH of the soil from 
4.9 to 7.2, increased the concentratien of Mo in plants from 12 to 213 
ppm. This increase is nuch higher in magnitude than many of the repor-
ted work (WIDDOWSON, 1966 ; JAI!ES et al. 1968 ; PRICE and MOSCHELER, 
1965). Observations reported hereare also not in agreement with the 
conclusions that, with adequate liming, response to added molybdenum 
is insignificant or limit ed. (FOY and BARBER, 1959 ; BARSH.li.D, 1951). 
Reactions that fellow liming, resulting in a significant increase in 
the Mo in soil salution have been discussed in the literature review. 
(REISENAUER, et al. 1962 ; BARSF~D 9 1951 ; DAVIS, 1956). Linear rela-
tienship between molybdenum in soil salution and plant has been 
recognised (REISENAUER et al. 1962). 
Interaction of organic matter with lime produced a two way effect 
(Table 26). In the absence of lime (pH 4.9), organic matter progressi-
vely increased the Mo content. With t he first rate of liming (pH 6.25), 
Mo uptake was practically uneffected by organic matter, and with further 
increase in liming (pH 7.25) addition of organic matter decreased Mo 
content of maize significantly. 
Effect of organic matter in increasing the soluble molybdenum con-
tent of soil has been reported (DAVIS, 1956 ; KAVI~~NDAN , 1964). Though 
the exa ct mechanism remains unknown, it is evident that Mo can form 
soluble or insoluble complex es with the ligands in organic matter, depen-
ding upon the pH of the system and the concentratien of molybdenum in 
solution. Support for such a possibility comes from tÄe existing infor-
mations that 
a) Mo cont ent of peat soil uas significan~oorrelated with humic 
acid, but not with organic matt er (ROTU NIN, 1961) 
b) Molybdic acid formed complexes of heteropoly acid phenolic type 
with humic and fulvic acids (TUEV et al. 1965) J 
c) Organic matter due to amphoteric proporties will have positive 
charges which can retain Moo
4
-. 
The reasen for the inéreased availability of molybdenum with or-
ganic matter is therefore due to organic matter retaining molybdate 
ions and rendering them inaccessible for fixatien reactions with 
hydroxides of Fe, Al, and Ti and clay colloids, It is also possible 
that added organic matter has served as a souree of molybdenum. 
The changes in pH (Table 17) that fellow organic matter addition in 
limed and unlimed soil mnet the theoretical requirements for molyb-
denum availability, but is insufficient to explain the magnitude of 
changes observed with reference to plant uptake. 
A relative decrease in molybdenum uptake with increase in organic 
matter at the highest rate of liming, corresponds to a systematic in-
crease in the uptake of Zn, Mn, Fe and Cu. It is quite possible that 
any of these ions alone or in combination can set in antagonism for Mo 
uptake (KIRSCH, 1960 ; 11Lî.CKAY et al. 1964). It is however significant 
to notice that even with the maximum inhibiting effect of organic 
matter observed here, the concentratien of molybdenum in limed series 
was very high, showing the prominanee of liming effect. Data also 
clearly show that both liming and organic matter, acting alone or inter-
acting, aan ráise the molybdenum level of plants to taxie limits to 
animals, even if small amount of soluble molybdenum (2ppm) is added to 
the soil. This potential role of orgar'.ic matter in acid soils, where 
molybdenum fertilisation is aften practised, has not been eluoidated 
properly, though the role of liming has been well established. However, 
reports of molybdenum accumulation in taxie levels on forage grown on 
Everglades peat has been made (FISKEL et al. 1956). 
IIIe4.8. General features of lime and organic m~tter interaction on --------------------1-----------
ir~c~ ~l~m~ni ~v~ila~iliiY_tQ~l~nis_: 
Table 27 summarisee the results of ~nalysis of varianee on the dry 
matter production and uptake of elements by maize plants. Figure (3) 
will illustrate the effect of lime and organic matter interaction on 
mem). yal ue s. 
At tot levels of lime, organic matter caused a reduction in dry matter 
and uptake of :Mn and Cu, an increase in the uptake of Zn and Mo and the 
result was inconclusive for Fe. Behaviour of Mn and to some extent 
Cu in unlimed soil, is different from the conclusions made in chapter I, 
Fig.3 EFFECT OF LIME" AND ORGANIC MATTER INTERACTION 
ON THE TRACE ELEMENT UPTAKE BY MA/ZE. 
M•an up tak• in pg 
200 1------t 0 Li m • 
1-- - - - -11 Lim• 













...._ _______ ____ __ .  

































~ ---· ·------ ........ -..----- ··--·-- --- -ct-- · - · - · - · --
0 5 10 0 5 70 
Y. .organlc ma I t~r. 
85;. 
reasans for which have been discussed under individual elements. 
In the limed soil, addition of organic matter consistantly increased 
the uptake of all elements except molybdenum. 
TABLE 27 Effect of liming, organic matter and trace elements on 
growth and uptake of trace elements by maize 
(Analysis of variance) 
r---------------T---r------- - - - --- - ------------~-~-------------------1 
l Souree of : · l Calculated 1FI values l 
l variation ldf l Mn 1 Zn 1 Fe 1 Cu 1 Mo 1Dry l 
I I I I I I I ' matter I I I I I I I I I I 
r---------------r---r--------~--------r------r------r-------y--------
Lime 1 2 187. 22** 14.63**:1.0~ 2.00 13.18** 1 2.10 
I 
Trace element 1 "i37-42** 16.16**l4.41 5.26* 4-17* 
Lime x Trace 
element 
Organic matter 










0.18 : 1. 77 
I 












x Org·. matte:t' 2 l 2.62 0. 55 0.24 0.68 1 .69 
I 
Lime x Trace : 
element x Org• : 
matter 4: 19.69** 0.48 0,13 0.96 1 0,38 
L---------------- - -~----------------------------•--J--------L---~----
** Significant at 1 % 
* Significant at 5 % 
The oomparisen of the uptake pattern of Cu and Fe shows that 
lime and organic matter are complementary in their effects i.e. highest 
uptake figures for Cu and Fe were observed at the highest levels of 
interaction. Resul~s . are exactly opposite for manganese, where maximum 
uptake accured at 1 0 1 levels of lime and organic matter. For zinc, in-
crease in the rate of one of the int eracting factors tended to diminish 
the effects of the other. Liming is a dominant factor in deciding 
molybdenum availability, but rate of response to liming was either 
uneffect ed or decreased by organic matter, depending upon the concen-
tratien of molybdenum in salution and the amount of o~ganic matter. 
There was no significant interaction between lime x trace element x 
I -
TABLE 28 Rel ntionships betwe en extrnctnble ~m, Zn, Cu & Fe and uptak e by maize 
~--------------------- -- --- ---------- - ---------------------------------~-------------------------------1 I I 
1 1 Correlation coefficients - 1 r 1 1 
I ~-- ----------- - ----------------------------- ·-------------------------------------------~ I I ~ l I 
i Extrncting 1 Mnn gane se i Zinc ' Capper I Iron 1 : ~ ----------ï----------i----------ï---------- ·{- ---------ï-- - -------t----------ï----------t 
: : Lime d + : Limed : Limed + l Limed ; Limed + l Limed : Limeèt + : Limed l 
: a ent : unlimed : : unlimed : ~ unlimed : l unlimed : l 
1 g 1 n = 18 r n = 1 ~ 1 n = 1 f) 1 n = 12 : n = 18 1 n = 1 2 1 n = 18 ! n = 12 l 
~------------~----------J------ ----~--------- - i - -- - ------~----------t----------t----------1----------7 
1 _ 1 I I I I I I I 
1 1 N NH OAc 1 1 1 1 1 1 1 
I 4 I I I I I I I 
l ( pH 4.8) +0. 732** +0.979** l +0.828** l +0,.,934**! - l - l -Oo476* l -0.367 l 
1 I I I I I I I 
I I I I I I ' 
0 05 M EDTA I I I I I I 
• i I . I I I I 
(pH 7.0) -Oo259 +0~001 l +0.795** l +0.888**l +0.465* l +0.847**l +0.535* l +0.499 
I I ! I I I . 
I I I 
I I I 
l 0.5 N IDW
3 
l -0.158 l +0.712** l +0.776** l +0.883**l +0.339 l +0.614* l -0.119 l -0.508 
1 I I I I I I I I L------------L __________ J __________ J __________ J ___________ L-~-------l----------1----------J-----------
** Significant at 1 % 
* Significa nt at 5 % 
l 
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organic matter 9 indicating that lime x organic matter interaction 
took plaoe irrespective of trace element content of soils. 
In general 9 the effect of decomposed peat in increasing the 
content of micronutriant cations in limed soils was consistent. 
III.4.9o ~oil_t~si ~v~l~aiiQn~ fo~ ~i~rQnut~i~nt ~ai~~~~ 
The data pertaining to the extraction and plant uptake of 1m, 
Zn, Cu and Fe, arising from the foregoing study can be used to 
illust rat e certain features of soil test evaluations for these ele-
ments. Excepting for the genetic variability in soils, the treatments 
and interactions imposed in this experiment can be expected to cover 
all the major variables, that have to be accounted for in such a 
study. Zea m~ys used here is one of the most common test crops for 
micronutrient cations. As such, simple correlations were worked out, 
for extraction values of 1TH
4
0Ac·, EDTA, and HN0
3 
and uptake by 
maize. Correlation coefficients calculated for all the samples, and 
for the Ho.med samples seperately, are reported in table 28. Analy~is 




0Ac- extradable manganese gave the highest correlation with 
plant manganese (r = 0.979), when limed soils alone are considered. 
Fractions of manganese consisting of watersoluble end exchangeable Mn 
will reprasent plant available Mn, and were oorrelated closely with 
manganese deficiency (BOiillN, 1958). Ammonium acetate at pH 7 was shown 
to extract relatively lower amounts of Ivin than N Mg(No
3
)2 , which is 
considered the closest apprmrimation to exchangeable Mn (BOKEN, 1958 
BROV~N et al. 1969). The reason was that neutral pH of the NH
4
0Ac-
will init.iate the oxidation of a portion of the exchangeable Mn in the 
system. The extraction with buffered ammonium acetate will take place 
at the pH of the extractant. In this study, since the pH of the extrac-
tant was 4.8, a more complete extraction of the available pool of Mn 
will take place, and this will explain the high degree of predictabi-
lity with ammonium acetate. The impravement of correlation when limed 
soils alone are considered, is due to relative control of variatien in 
88. 
in soil pH. Correlation between neutral ammonium acetate extractabi-
lity and soil pH is high (BR~~Th~N et al. 1969) and it appears that 
this sensitivity of emmonium acetata to discriminate pH dependent man-
ganese in soil, is a significant factor in its Mn predietien capacity. 
It is also obvious that buffered ammonium acetate has been able to 
account for the release of organically bound manganese in the presence 
of lime. 
EDTA was totally inefficient to predict Mn uptake. Increased EDTA 
extractability in limed soil (Table 18) and its ability to extract 
complexed manganese by ligand competition, would enable EDTA to solu-
balise fractions of manganese unavailable to plants. Further, it has 
been proposed earlier that irrespective of the presence of different 
forms of Mn in the system, EDTA extracted a specific fraction. Total lack 
of re~overy of any added Mn by EDTA, discussad earlier, support this 
view. It should be noted that 0.5 N HNo
3
, though extracted higher 
amounts of Mn than EDTA, was significantly correlated with plant uptake 
(0.712) in limed soil. BROWMAN et alf (1969) obtained significant 
correlation for Mn uptake with 0.01 N EDTA in M(NH
4
) 2co3 • The reaeon 
probably is that a significant portion of the extracted manganese will 
repreaent exchangeable Mn, due to the high amount of NH
4 
ions in the 
extractant. HAMMES and BERGER (1960) did not obtain any significant 
correlation for Mn uptake by maize 1 with 0.05 M Mn-EDTA, both at pH 4.5 
and 9.0 • 
Significant predictability with 0.5 N HN0
3 
in limed soil gives in-
direct evidence of the highly insoluble nature of the oxidised manganese. 
Nitric acid does not seem to have solubalised any appreciable amount of 
Mn associated with higher oxides. 
Zinc 
All the three extractions were significantly correlated with plant 
uptake. Ammonium acetate gave the highest correlation. Since ammonium 
acetata can extract only a small amount of Zn, and the Zn-acetate oom-
piexes that may form have a low stability, ammonium acetate-dithizone 
was considered a better soil test for Zn (SHAW and DEAN, 1952). On the 





for a number of crops in calcareous soils. Extrac~ 
tability of ammonium nitrate is essentially due to the replacing power 
of NH
4 
ions. So, it is possible that Zn availability in soils of varying 
pH and organic matter content is related to its exchangeable value. It 
is suggested here that ammonium acetate, if used at a lower pH (4.8), can 
exchange Zn more efficiently than neutral ammonium acetate, and then 
would significantly predict plant uptake. 
VIRO (1955) has shown that EDTA at different pH values is a better 
extractant to desorb adsorbed cations (Cu and Zn) than NH
4
0Ac-, since 
EDTA extracts bath by ion exchange and chelation, and without disintegra-
ting clay minerals. Results obtained here show that EDTA extractability 
did not predict Zn uptake better than }ffi
4
0Ac-. It is also relevant, 
that in the absence of added organic matter, EDTA extracted only 1-2 ppm 
more Zn than N NH
4
öAc-. But it does show that in spite of the high sta-
bility of Zn-EDTA eomplex and optimum pH of the extraction (pH of the 
extract was 6.,0 to 6.1), EDTA extracted only that fraction of the complex 
which is relatively plant available. This is probably due to the short 
period of extraction (30 minutes) (TRIERWEILER and LiliDSAY, 1969). 
Table 20 will show that EDTA and 0.5 N HNo
3 
extracted fairly 
equal amounts of Zn. It is probable that bath extradrn+~ dissolved 
fairly identical fractions of Zn, though the mechanism of dissalution 
will be different, i.e. HNO) will extract by decreasing the pH of the 
system and rendering certain complexes unstable, whereas EDTA extraction 
is _based on the competition between complexing ligands. Very comparable 
I r 1 values obtained wi th these two extractants also support S.i.lch an 
argument. 
There was a significant correlation between EDTA extractable capper 
and plant uptake (Table 28). 
MARTENS (1968) obtained a partial correlation of 0.761 between Cu-
uptake and organic matter and in multiple correlations Cu uptake was 
directly related to organic matter. EDTA extractable capper will be 
proportional to the Cu bound by organic matter. Table shows that the 
recovery of added capper by EDTA was satisfactory, unlike other metal 
ions, indicating that EDTA is sensitive to the variatien in the soluble 
capper status of soils. EDTA extractable Cu varied between 2.8 and 10.3 
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ppm in all the treatments, and such relatively low values, in oomparisen 
with high total copper content of added organic matter, shows that EDTA 
extracted Cu from complexes of lower stability only. In view of the 
high stability of Cu-EDTA, the time of extraction may be critical in such 
a fractionation. VIRO (1955) and REITH and MITCHELL (1962) proposed 
0.05 M EDTA as a reliable means of predicting Cu status of soils. 
0.5 N HN0
3 
e~t~acted almest the same amount of Cu (3.8 to 11.8 ppm) 
as EDTA. But the tr! value was lower. Cu extracted by EDTA and HN0
3 
probably beleng to two different fractions, though the extracting capa-
city is identical. 
Iron 
All the extractions studied showed poor correlation with plant 
uptake. BROWN and H01lliS (1956) showed that acid extraction is not a use-
ful index to assess Fe supply to plants, and synthetic poly amine poly 
acetate chelating agents are fairly satisfactory. Data produced here 
suggest some limited possibility with chelating agents, while it also 
reiterates the earlier conclusions that Fe-uptake of plants is more 
related to accompanying ions7 plant species, and soil environment than 
the presence of some form of soluble iron in the soil. 
Lime and organic matter interaction exerted a two way effect on 
pH. Organic matter increased the pH in the unlimed soil and decreased 
it in limed soilo The relative acidity of organic matter in oomparisen 
with the soil sytem will decide the trend of pH changes. 
Addition of trace elements as well as the interaction between lime 
and organic matter significantly increased dry matter production. In the 
absence of lime, high levels of peat depressed the yield of maize. 
When the soil pH is low (unlimed), addition of organic matter sig-
nificantly inhibited Mn uptake in spite of a significant increase in the 
soluble ~m, this effect apparently being specific to maizaNo evidence was 
seen to relate this inhibition to any known ion antagonism. Organic 
matter increased 1m uptake in limed soil. 
Direct effect of liming on Zinc uptake was more related to the in-
fluence of pH on the Zn uptake mechanism than the presence of soluble Zn 
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in the soil. This phenomena was not r elevant when organic matter was 
added to the soil, where, high concentratien of soluble zinc supplied 
by organic matter predominated Zn uptake. In the presence of lime and 
organic matter, effect of the one tended to diminish the effect of the 
other. In the presence of higher concentratien of soluble zinc, accom-
panied by organic matter and lime, a part of the soluble zinc entered 
into insoluble eomplexes. 
Under aerobic conditions, organic matter complexed a part of the 
soil iron, probably as Fe3+. This relation was predominant over the 
effect of liming. When soils are fertilised with other micronutrients, 
uptake of iron was significantly impaired, due to ion antagonism. Within 
ea ch level of liming, addition of organic matter progressively increased 
Fe uptake by plants. Correlation studies with Fe extractability and 
plant uptake showed that uptake of Fe by plants is more related to fac-
tors other than the soluble iron cont ent. Factors leading to such effects 
are discussed. 
Significant correlation between EDTA extractability and Cu uptake 
of plants should suggest that a fraction of complexed capper is plant 
available. 
At lower pH of the soil (unlimed), organic matter increased the 
availability of Moto plant. When the concentratien of soluble Mo was 
high due to liming, organic matter converted a part of the molybdenum 
unavailable to plants, proportional to the rate of organic matter added. 
However, the effect of liming was dominant over the effect of organic 
matter. The possible r easans for the two way effect of organic matter 
warrant further study. 
Application of organic matt er enriched with trace elements is 
proposed asabetter methad to imprave the micronutrient supply of high 
lime soils than the direct application of soluble elements. 
Based on the correlation between extractability and plant uptake 
within these experimental treatments, it is concluded that Mn and Zn 
uptake can be best predicted by N NH
4
0Ac- (pH 4.8) and Cu by 0.05 M 
EDTA (pH 7) extractions. Fe uptake is not significantly ~elated to Fe 
extractability. When pH va riatións arenarrowed down, 1 r 1 values im-
proved. 0.5 N HN0
3 
correlated significantly with Mn, Zn and Cu, when 
limed soils alone are considered. 
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CHAPTER IV 
EFFECT OF LIMING ON THE TRAC3 ELEMENT SUPPLYING CAPACITY OF PEAT 
IV.1. Introduetion 
The experiments discuss3d in chapter I and II illustrated the 
trace element supplying capaeity of decomposed peat and the extent 
of availability of individual metal complexes. Subsequent experiment 
revealed sib~ificant interaction between this property and liming 
soils. The effect cf liming ~oils on the availability of micronutrients 
was partially offset by the ~ddition of peat, though all the reasans 
involved could nat be specified. It was then necessary to know the 
effect of liming on peat alone, with reference to solubility and plant 
availability of trace elements. A comparison between the changes in 
chemical farms, of the trace elements associated with the organic matter 
and mineral soils, with reference to liming, will be useful. There were 
reasans to doubt that on increasing the concentratien of calcium in the 
medium, a certain fraction of the trace element cations from the orga-
nic matter is being reJeased to meet the additional requirements set by 
the increased grovrth of p:.ants. 
Liming is practised in organic soils only if the acidity of the 
medium is relatively high. Optimum pH range for organic soils are found 
to be, 1 to 2 units lower than what is considered optimum for mineral 
soils. Several reasans have been attributed to this variatien between 
mineral soils and organic soils. Peat soils due to high exchange capa-
city can retain higher amounts of nutrients as plant available. 
ALLAWAY (1945) and MEHLICH and REED (1947) have shown that the availa-
bility of replaceble calcium for plants is higher in organic (peat) 
and kaolinite colloïds than it is for illite and bentonite colloïds. 
Further~ plants are known to tolerate acidity better in acid organic 
soils than in acid mineral soils. Ease of adsorption of calcium, fairly 
acid pH values even with 70 % calcium saturation, and high exchange 
capaaities are contributary to the increased toleranee of plants to 
I 
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lower pH values in organic soils (LUCAS and DAVIS, 1961). The stron-
ger the acidoid in the peat soils, the lower the reaction at which 
the plants are able to derive their bases from them (PUUSTJARVI, 1959)c 
On liming peat, the apportionment of added calcium to active 
(soluble and exchangeable)~ inactive (calcium humate) and precipitated 
(caso
4
, calcium oxalate etc), will vary markedly between different 
types of peat (PUUSTJARVI~ 1960). In general, overliming the organic 
soils is consid ered ~ more harmful than overliming mineral soils. Acid 
peats limed to higher pH values are prone to produce manganese defi-
ciency than are peat soils which have the same pH value naturally 
(LUCAS and DAVIS? 1961). The rc.te of pH change in peat soils on liming 
will significantly depend upon the percentage of calcium that is being 
held in exchangeable farm. PUUSTJARVI (1960) reported that the amount 
of calcium required to raise the pH of peat soils, by one unit 9 can 
vary from 11 m.e/100 g to 69 m.e/100 g depending upon the acidoid . 
property of the peat. 
As the percentage of calcium in the exchange complex and in solu-
tion increases, following possibilities can be expected in peat soils, 
which are fairly rich in trace elements. 
1. Calcium can enter into exchange reactions with the metal ions 
held by the functj_onal groups, thereby increasing the concentration of 
metal ions in solution. This may be analogous to the observations of 
LAKANEN (1967), that, in ncrmal soils liming above neutrality resulted 
in an increase in the exchangeable fractions of Mn, Zn, Pb, Cu, Ni, Co 
and Mo, partially due to their displacement by calcium. In organic soils 
prccipitmá0n of such displaced ions is a lesser possibility due to the 
liH.li ted rise in pH. 
2. Ca++ at higher concer-tration can compete for ligands in the 
organic material, thereby releasing a part of the complexed metal. This 
probability may be analogous to the observed phenomena in synthetic iron 
chelates. The experimentally determined rate of loss of Fe from Pe-EDTA 
complex increased with increase in calcium level in the system 
(LI}illSAY et al. 1966). Similiarly, the percentage of EDTA complexed with 
Fe, Zn, Cu and Mn, decreased as the pH approached neutrality, due to 
Ca displacement of metals (NORVELL and LilillSAY, 1969). Though, in 
mineral soils such a reaction can occur only at near neutral or alkaline 
pH range, the possibility of such reactions +.aking place below 
----- ---
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neutral pH, in organic soils cannot be ruled out. Organic soils unlike 
mineral soils can maintain high rate of Ca++ activity with less than 
proportionate increase in pH. They are known to show fairly acid pH 
values ranging from 4.5 to 5.5 even with 50 to 70 % base saturation 
(SCHIKLUNA and DAVIS, 1952 LUCAS and DAVIS, 1961). 
The peat sample used in this study was the same as in the previous 
experiments. The relevant characteristics have been reported earlier 
(Table 14). 
50 g of air dri.ed peat was mixed with 50 g of pure sand and this 
mixture was considered as one unit in fixing the treatment levels. 
It was necessary to adopt such a measure , since the density of peat 
alone was very low (Sp. Gr.:: 1.07, dry bulk density 0 .29 gjcm
3
), and 
will be an inappropriate unit, unless the tr.eatments are applied on 
a volume basis. Mixture of peat and sand (50:50) had a Sp • Gr . of 1.57 
and a dry bulk density of 0.52 g/cm3 , totalpare volume in either case 
was 73 and 77 % respectively. 
After preparing 32 pots containing 100 g of peat and sand mixture, 
they were limed at the rate of 0, 125, 250 and 375 mg of Ca(OH) 2/pot, 
with eight pots under each liming rate. Each limed unit was then divided 
into two subunits (4 pots each), one of which received an appropriate 
quantity of a composite trace element salution to give an amount equal 
to 5 ppm Mn, 5 ppm Fe, 5 ppm Cu, 2.5 ppm Zn, 1.0 ppm Mo, 1 .o ppm Band 
1 .o ppm Co. All elements except molybdenum and boron were added as 
sulphates. Mo was supplied as (~rn4 ) 6 Mo7o24 .4H20 and Bas H3Bo3 • All the 
thirty two pots received major elements at the rate of 25 mg NH
4
No3, 
22 mg KH2Po4 
and 12.5 mg Mgso
4
• Concentratien o_f all soluticns were 
adjusted in suèh a way that all the pots received 35 ml of water. 
Additional pots were laid out in the same way representing each 
of the treatments, to obtain samples for extractions and pH measurements. 
All pots were incubated at laboratory temperature for 15 days adjusting 
the moisture level on cousecutive days. 
After the incubation period, pots were sown with barley seeds as 
in a conventional Neubauer method (Chapter I). The seedlings were har-
vested after 15 days of growth , dried and analysed for Mn, Zn, Cu, Fe and Ca. 
Samples were extra cted a s shown in table 30 after incubatjon. Ratio of 
l 
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snmp1o .to ertrnc-tnnt wo,s- ·1: 5 wi th 30 r:.tinutcs shak:t11g. '-'"\:. 
pH measürements were made, prior to sowing and after harvest, in 
water (1:5) after overnight e~uilibration. 
Analysis _ .. _______ _ 
Plant samples After recording the dry weight of plants, they 
were ashed at 450°C for 3 hours in silica crucibles. The entire allount 
of ash was digested two times with 5 ml of 6 N HCl, over a hot plate, 
evaporating to dryness each time. The residue was dissolved in 10 ml 
of 0.1 N HCl, filtered, washed with warm water and made upto 50 ml. 
All micronutrients and calcium were measured in this solution, with 
Atomie absorption spectrophotometer and flame photometer respectively. 
Soil extracts : All elements studied were measured directly in 
the extracts. 
IV.4. Results and Discussion - - - - - - - - - - - -
IV.4.1. Qh~n~e~ in_p~: Data produced in table 29 give the changes 
in pH values as influenced by liming, in the presence and absence 
of added trace elements. 
TABLE 29 : pH valuAs of limed peat samples (pH-H2o) 
-----------------------------------------------------------------------1 I I I I
1 •Without ndded trcce ·elemènts• With added trace elements • I L----------------------------L------------------------------1 ' Liming • 1 1 1 • 1 1 Pre-smving •Post- ' Pre-sowing • Post- • I L---------------------1 '---------------------1 I I I I I I I I I 
: levels : 8 days :15 days :har- : 8 days :15 days : har- : 
: 1 incubation 1ïncü.bation. •vest 1 incubation 1in:mbation 1 vest 1 
-----------L----------L----------~------L----------~----------~--------1 I I I 
: 0 : 5.41 5e85 : 5.70 : 5.40 5o35 5.70 
I I I I 
: 1 : 5 0 6 5 6 • 1 0 : 6 • 00 : 5 • 6 8 5 • 6 0 5 • 9 0 
I I I I 
: 2 : 5.83 6.25 : 6.15 : 5.90 5.80 6.05 
I I I I 
: 3 i 6o11 6~45 : 6.25 : 6.11 6.35 6.25 
'-----------L----------L----------~------L----------~----------L--------1 
The pH of the original air dry peat was 5.2. After 15 days incu-
bation the value rose to 5.85. Liming altered the pH only by a small 
value even at the highest rate of liming. The rise of pH was only of 
the order of 0.6 to 0.7. PUUSTJARVI (1960) observed that the amount 
of lime required to rise the pH by one unit can vary from 14 m.e/100 g 
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to 69 m.e/100 g depending on the acidoid property of the peat. The 
proportion of calcium retained as active and inactive will decide the 
rate of neutralisation. The data on extractable calcium, showed that 
approximately 30 to 45 % of the added calcium was ammonium acetate 
extractable. But it should also be considered that the peat used here 
contains 1.59 % total calcium and 0.74 % ammonium acetate extractable 
calcium, which indicate that in general the peat should meet the 
calcium requirement of normal crops. In such cases, changes in pH are 
shown to be an inadequate index of changes in calcium status, that 
fellow liming (NYGARD, 1954). 
Table 29 will also show that with the addition of trace elements, 
there is a slight decrease in the pH values at all levels of liming 
after 15 days incubation. This should give indirect evidence that a 
portion of the added metal ions have entered into chelation reactions. 
Since metal chelates are formed by the displacement of one or more 
usually weak acidic protons from the chelating molecule an increase in 
the titrable hydragen will occur (KHANNA a;nd STEVENSON, 1962). This 
reaction can be best explained as fellows 






H20- NH 2 ----
o- co 
It is significant to cbserve that the release of protons on addition 
of trace elements occured in materials such as the one used here, where 
a significant portion of the chelation sites should have already been 
occupied by entrained metals. However, it is also possible that so
4 
ions added along with the trace element salution had c0ntributed to the 
lowering of pH. 
IV .4 .2. ~x!r~c!a~ili,!y_a.!~A_:pl,aE_t_u.E_t.ê:_k~ .2_f_ele!!!.ent.ê_ 
IV.4.2.1. Extractable and plant uptake of calcium: -;-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
Figure (4) shows the concentratien of calcium in extracts and 
plants as related to liming and trace element addition. It is evident 
that added trace elements have entered into exchange reaction with 
calcium, as evidenced by the consista~t increase in extractable 
Fig. I, EX TRA C TA BLE AND PLANT CONTENT OF Ca, IN FUNCT/ON OF 
LIMING AND TRACE ELEMENT APPLTCATION. 
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TABLE 30 Extraetabie trace elements in limed peat (ppm in air dry sample) 
--------------------------------------------------------------------ü------------------------------------ï I I I 11 I 
1 1 : Without trace elements 11 With trace elements 1 
I I ~-------------------------------------~------------------------------------~ :Element l Extractant 1 L. . 1 1 1111 L. ·ng levels l I I 1 1m1ng eve S ll lml I 
I I : Û 1 1 I 2 I 311 Û I 1 I 2 I 3 I 
L--------L-------------------1---------~--------~----~----~--------~--------~---------~--------L--------~ I 1 11 I I I 
Mn l H 0 l 1 • 0 l 1 • 0 1 0 .. 5 Tr 11 1 , 5 1 1 • 0 1 Tr 
1
' Tr 2 1 I I 11 I I 
I - )I 1 1 u I I I 
: 1 N NH OA c (pH 4 • A I 1 2 • 0 I 8 • 0 I 7 • 0 6 • 0 11 1 9 • 0 I 1 0. 0 I 1 0 • 0 11 1 0 • 0 
1 4 I I I 11 I I 
I I I 11 I I I 
lHN03 0,1 N I 20,0 I 20,0 : 20.,0 18,0 H 24,.0 : 23,0 : 22o0 : 21.0 
I 
1 
I 11 I I I 
l EDTA 0.05 M (pH 7) l 50.0 l 50.0 l 50,0 50.0 11 45.0 l 50.0 l 45.0 l 55.0 
r--------~--------------------1---------r--------~---------~--------fr--------t---------f--------r--------J 
l Zn H2 0 1 9. 0 1 7. 0 1 6 .. 5 l 4. 5 11 8. 0 l 6. 5 : 7. 0 l 5 • 5 
I 
1 
I : 1 11 I I I · l 1 N NH40Ac- (pH 4.8)l 250.0 l 255.0 1 262,.0 : 250,0 ll 270.0 l 270.0 l 270.0 :265.0 
I I I : 1 11 I I I 
l HN03 0.1 N ! 410.0 !410.0 l 410,0 l 420,0 ll 435.0 l 435.0 l435.0 l435.0 
I 1 1 I I 11 I I - I 
: EDTA 0.05 M (pH 7) I 480.0 1480.0 I 480.0 I 480.0 ~ 470,0 I 460,0 :460.0 :480.0 
~--------r .. -------------------~--------~--------L---------L--------ff--------t---------r--------r--------1 1 
Cu 
1
1 H 0 Tr 1 Tr Tr Tr 11 Tr 1 Tr 1 Tr 1 Tr 11 I 2 11 I I I I I _ : 11 1 I I I 
l l 1 N :r-m4oAc Tr 1 Tr Tr Tr ll Tr l Tr l Tr l Tr J 
I I : 11 1 I I I 
: lHN03 (),1 N 4.2 .· I 4.2 -· 4o2 " 3.5:, ~ 5-5 : 5.P· - : 5.0,-:  : 4.2 -~ : 
I I : 11 1 I I I 
: lEDTA 0.05 M_ :(plf-7) 12.0-~ ; I 12.C:: · 23.0' '1 26.0'- :: 25~0 - , : 28,0• : 26.0.) : 33.0:: : 
~--------~--------------------L--------t--------t---------t--------~--------{---------~--------t--------~ 
l Fe lH20 2,0 l 9.5 l 2,0 l 2"0 ll 1.5 3.0 l 1.5 l Tr l 
I I I I I tl I I I 
I 
1
1 NHO -( ) I I I 11 I I I 
I 
1 N 4Ac pH4,8 3,5 1 3,5 1 3,5 1 3.,5 11 3,0 3,0 I 3,5 I 3o0 1 
I I I I I 11 I I I 
I I HNO 0 1 N I I I 11 I I I 
I I 3 • 38,Q 1 38,Q 1 38oÛ I 34e0 0 41.0 35,0 I 33.0 I 30o0 I 
I I I I I U I I I 
l ,lEDTA 0,05 M (pH 7) 680,0 l820,0 l 750.0 l 820,0 11 620.0 720.0 l6(0.0 :820,0 l 




calcium. when trace elements were added. BROADBENT and OTT (1957) have 
shown that carboxyl groups are largely responsible for complexing of 
calcium nnd the complexes have low stability. In view of the indirect 
evidence of oholation produced here, it is then logical to conclude 
that added trace elements have competed for sites retaining calcium 
(probably carboxyls)~ Lowering of pH that followed addition of trace 
elements would have also contributed to the increase in calcium extrac-
tability. 
With reference to plant uptake, an opposite trend was observed, as 
the addition of trace elements seem to have caused a slight decrease in 
plant calcium. It is possible to suggest a metal ion inhibition of cal-
cium uptake by plants. Zn, Fe, and B at concentrations of 0.5, 20 to 25 
and 2.5 ppm respectively, are shown to reduce the Ca uptake of lucerne 
in sand culture (EL KOHLI, 1961). The fact that, in this study, lower 
calcium uptake accured where the calcium concentratien in the salution 
was relatively high, should give added significanee to this possibility. 
IV.4.2.2. Trace element extractability 
-=-=~=-=-=-=-=-=-=-=-=-=-=-=-
Oxidative changes in the watersoluble and exchangeable manganese 
on liming the soil is clearly evident (Table 30). It 8h~uld be noticed 
that in peat samples, fora rise in pH from 5.80 to 6.45, the exchan-
geable Mn decreased by 50 percent. Such marked reduction in this frac-
tion should further confirm that formation of insolhble manganese, with 
rise in pH is at a higher rate in the presence of organic matter. 
PAGE (1962) emphasised the role of organic matter by showing that, with 
rise in pH, Mn beoomes unavailable by formation of organic compiexes 
and not due to microbial oxidation. 
Watersoluble Zn decreased with liming, but ether extraetablo frac-
tions remained uneffected. 
Extractable data of Cu (Table 30) show that practically no Cu was 
retained by peat in exchangeable farm, even with 5 ppm soluble Cu added. 
The doteetion limit of the analytical Cu determination was 0.07 ppm in 
the extracts. The significanee of humic substances, forming insoluble 
Cu-complexes has been discussed earlier. EDTA extractability considerably 
increased with liming, but the plant content of capper followed an 
opposite trend (Figure 5). 
TABLE 31 Influence of liming peat on dry matter production and uptake of elements 
~---------------------~------------------------------ - -----------------------------------------------, 
l Liming levels : Without trace elements ll Wi th trace elenents l 1 1---------------------------------------L--------------------------------------, 1 I 11 
1 1 Lime levels u Lime levels l 
I I 0 J 2 3 ll 0 1 I ) I 3 I 1 1 i I I 11 I I ,_ I I 
1---------------------~---------~---------~-------- -~---------L -- -------~--------,-------------------, I I I I I 11 I I 
1 Dry matter in g 1 1.09 1 1.07 1 1.05 1 1.07 U 1.04 l 1.06 l 1 .05 l 1.04 l 
I I I I I 1 I I 
~--------------------~---------+---------~---------L-------- - ~- -- ------L--------,---------,---------, 1 I I I I 11 I 
1 Mn uptake ,.t.,g 1 57.2 I 36o8 I 31,6 I 35.0 ll 66.2 l 47.5 l 43o7 l 48.7 l 
I I I I I I I I 
1---------------------~---------+---------~-- - ------L---------~---------L--------,---------,---------, 1 I I I I 11 I 






l l l 
1 I I I I 1 
I matter I 50.7 I 34D3 I 29 ,8 I 32,6 :: 63,6 : 44.5 : 40.9 : 46.6 I 
I I I I I I I I 
~--------------------~---------+---------L---------~------- - -~---------L--------,-· --------,---------~ 1 I I I I 11 I 
1 Zn uptake ).t.g 1 97.8 I 95.4 1 95.0 1
1 
101.6 ll 92e5 l 91.2 l 91.5 l 93.7 l 
I I I I I I I 
~---------------------~---------+---------L---------~---------~---------1--------,---------,---------, 1 1 1 I I 11 I I 
1 Zn conc. ppm in dry 1 1 1 l ll l l : 1 
I I I I 1 I I 
I matter I 8 9 • 2 I 8 8 o 7 I 9 0 t 1 11 9 4 • 8 l11 8 8 • 9 : 8 5 • ~- I 8 5 • 7 I 9 0 • 0 I 1 I I I 1 1 1 
~----------- ---------~---------~---------~---------l----- ----l---------+--------4---------4---------~ I I I I I 1 I I 
1 Cu uptake .)vg 1 13.0 l 10.6 l 10,5 l 10.0 ll 13.,5 l 12.,1 1 11.2 1 10 .. 6 1 
L--------------------J---------~---------~---------l---------~---------+--------~----------~---------l I I I I I I I I l Cu conc. ppm in dry l : l l ll l 1 1 1 
1 matter l 11 • 8 l 9 • 9 l 9 • 9 l 9 • 3 ll 1 2 '~ 9 ~ : 11 ~ 3 l 1 ) • 5 l 1 0 • 1 l 
L-------------------- -L- -------- .J-- ------- .J. ---------1------ ---~- ------- -+---------l- -------- _:._ ____ - -- --l 
I I 6 6 I 6 : 6 I 11 I I I I 
I Fe uptake )....g : Oo l 0.0 1 5.0 1 74.3 11 64,3 1 63.7 1 49.3 1 65.6 1 
L---------------------L--------~---------1---------{---------~---------+---------L-- - ------L---------l I I I I 1 1 I 
: Fe conc. ppm in dry : l l l ll l 1 . 1 1 
l matter l 5 5 • 3 l 5 5 • 9 l 61 • 5 l 6 9 • 4 ll 6 2 " 1 l 6 0 ., 0 l 46 • 3 l 6 3 ., 2 l 
1 1 11 1 I I I 
~---------------------L--------J---------------------------------------~---------~---------~---------1 
Fig. 5 EFFECT OF LINING PEAT ON THE Mn, Zn, Fe and Cu CONTENT OFPLANTS. 
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Watersoluble and exchangeable Fe were uneffected by liming and 
±s in confirmatien with the idea expressed in the previous experiment 
(Table 22) that even with 5 % organic matter addition, soluble and 
exchangeable Fe will be a function of organic matter, irrespective 
of the rate of liming. The mechanism that may be involved and its 
significanee in plant nutrition has been discussed. Similiar to Cu, 
EDTA extractability of Fe increased with liming, but addition of 5 ppm 
soluble Fe did not increase the H20 or NH4
0Ac- extractable Fe. 
IV-.4.2.3. Plant uptalce of trace elements : 
-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
Table 31 gives the mean values of concentratien and uptake of 
Mn, Zn, Cu and Fe, as well as the weight of dry matter. Concentratien 
values averaged between trace element levels are illustrated in fi-
gure (5). 
A significant feature of the plant content of elements is that 
excepting for manganese (to a limited extent), the extractable frac-
tions did not indicate the trend of plant uptake. Figure (5) olearly 
shows that up to a certain level of liming the plant content of Mn, 
Zn and Fe decreased, but at the highest rate of liming the plant con-
tent increased either over the control or over the preceding lime 
rate. Cu content, however , decreased progressively with liming. This 
trend was identical, both in the presence and absence of added trace 
elements. 
A slight decrease in the content of Zn and Fe, when the soluble 
forms of elements including Fe and Zn were added, should be due to 
ion ant agonism. Metal ion antagonism for the uptake of zinc has not 
been established. On the ether hand, saveral metal ions including Zn 
(BROWN and TIFFIN, 1962), and manganese (RICKELS and LINGLE, 1966) were 
shown to inhibit the Fe uptake and translocation ,·- o.ccording to concen-
tratien levels. Mn and Cu contents of plants increased with the addition 
of soluble elements at all levels of liming (Table 31). 
It was expected earlier that with an increase of exchangeable Ca ++ 
a certain amount of displacement of metal ions from metal-humie com-
plexes would occur. Data on all extractable fractions produced here do 
not substantiate such a phenomeno~, but plant content of Zn, Fe and Mn 
did assume positive trends at the highest liming rate (Figure 5). It 
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may be that the period of incubation prior to extraction (15 days) was 
not long enough for the initiatien of such a phenomenon, whereas during 
the total period of plant growth (equal to 30 days incubation) such 
displacement has occured. The apportionment of percentages of EDTA com-
plexed with Ca, Zn, Cu and Fe in the soil system was found to vary with 
soil pH and the period of equilibrium from 0 to 30 days (NORVELL and 
LINDSAY, 1969). 
The observed increase in the content of trace elements at the highest 
liming can also be due to either inoreased translocation of the elements, 
or a complementary effect of calcium on their uptake. The latter possibi-
lity can be excluded due to the fact that the first two levels of liming 
resulted in a decrease in the content of Mn, Zn, Fe and Cu. The farmer 
possibility could not be assessed since no root analysis was done. It 
seems appropriate to state here the observations of STEWART and LEONARD 
(1963). It was stated that some part of the root surface of the citrus 
plants must be saturated with Zn, and that once this threshold value is 
exceeded, it is possible that a less selective mechanism is involved 
in the absorption of zinc, ~llowing a greatly increased uptake. Calcium 
may to some degree replace Zn on the root surface and in that manner lower 
thethreshold value. Results are also reported to indicate the decreasing 
ability of plants to utilise trace elements with increase in pH upto a 
certain pH value (5.2 to 6o5), but increasing from thereon with further 
rise in pH, (SCHARRER and SCHAUMLOFFFL, 1961). Validity of such a rela-
tion in peat soils appear to deserve detailed study. 
IV.5. ~~m~rl ~n~ ~o~c~u~i~n~ : 
Changes in the chemical farms and plant availability of indigeneous 
and added trace elements on liming a peat material was examined in detail. 
Plant content of Zn, Fe and Mn decreased on liming the peat upto a 
certain level, but increased from thereon with further increase in lime. 
Cu content decreased progressively with liming. There was no conclusive 
evidence of increased amounts of micronutrient ions entering intö solution, 
as a result of calcium displacing a fraction of the complexed elements. 
On the other hand, added trace elements exchanged with the retained ca1ciun, 
resulting in the increase in calcium in solution. But addition of 
trace elements slightly inhibited the plant uptake of calcium. 
The effects observed here at the highest liming rate offers a partial 
explanation to the higher rate of uptake of micronutrients, that accompa-




FLUCTUATIONS IN THE TRAGE EL~KENT AVAILABILITY AS I1TFLUENCED 
------------------------------------------------------------
BY SOIL MOISTURE STATUS 
Vo1o Effect of soil moisture on plant available trace elements - - - - - - - - - - - - - - - - - - - - - - - - -
V.1.1. IntL~d~ciiQn_: 
Moisture status of the soil wi"th i·t s consequent influence on 
e,eration and biological ac"tivity is a primary factor in deciding the 
oxidation-reduction status. The importance of soil moisture status 
with reference to the availability of some of the micronutrients has 
been discupsed inthereview by LEEPER (1952) and HODGSON (1963). 
Since the valency forms of manganese and iron are most sensitive 
to oxidation and reduction, studies relating to soil moisture - trace 
element availability have been largely confined to these two elements. 
For manganese, studies on plant availability were confined within a 
moistur3 regime, that is either aerobic (HAI\'ll\.ilES and BURGER, 1960), or 
anaerobic (GRAVEN et a1• 1965). Similiar studies on elements other than 
manganese are rather limited. Gomparisens of trace element supplying 
capacity of soils, as eviuenced by plant uptake, for a range of soil 
moisture constants from arid to semiarid to flooded states have received 
only little attention. Care should be taken to see that, in the presence 
of plants, the effect of moisture on trace element uptake is no·c con-
founded with the effect of moisture on plant growth per se. 
In this study, attempts have been made to assess the f~uctuations 
in trace element availability in soils, as influenced by a range of soil 
moisture regimes. In order to avoid the effect of moisture on plant 
growth per se, moisture variables are imposed upon the soil prior to 
introduetion of the assay erop. Uniform moisture level was maintained 
after the erop was introduced in the incubated soil. Short term uptake 
by plants was preferred to long term uptake, so that uniformity in 
moisture status during the growth will not mask the effect of varlable 
soil moisture , prior to plant introduction. 
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V.1.2. Revi ew of literature : - ----------
The following review is to introduce certain essential features 
in the trace element availability as related to soil moisture status. 
Varia t i ens in the exchangeable fraction of manganese have been 
related to t he degree of drying and wetting of the soil 9 (FUJIMOTO 
and SHERM.Al'T , 1945 ; LEEPER, 1947 ; CHRISTIANfEH et al. 1950). Decree.sed 
extractability of soluble manganese when soils are extracted at field 
moisture capacity, as against air dry samples reported by CARLOSTADID 
and KAMPRATI-I (1959) and HAMNIES and BURGER (1960), is attributed to the 
increased rate of oxidation of soluble manganese to higher valency farms 
on rewetting the soil. HA1~S and BURGER (1960) verified this phenomenon 
with plant uptake. It was reported that out of eight soils studied, 
with one exception 9 the amount of manganese removed by oat plants from 
soils previously stored in air- dry state, was equal or more than the amount 
removed from soils previously stared under field moisture capacity. But 
the extractability in moist soils correlated best with plant uptake. It 
was further shown that release of manganese upon drying requires aerobic 
conditions and nat a simple dehydration, and the additional manganese in 
the extracts oornes from the oxidative decomposition of organo-manganous 
complexes. 
Under condi tions of oxidations, n.anganous illo:iJ.s will oxidise as 
++ ·~ 1 Mn + 2 OH + 2 02 ----·:> Mn02 + H20 which will be largely biolo-
gical, and under conditions of reducl:;ion, the reaction may be 
Nr.~o2 + 4 H+ + 2e "-- --:> Mn ++ + 2 H2 0 9 ( Gf\.ASMANIS and LEEPER, 1966). Soil 
moisture will exert a significant influence on such a reaction ~. ::1th by 
cantrolling the aeration status and the microbial activity. Similiarly, 
the oxidation-reduction status will influence the soluble iron and cobalt. 
With iron, oxidation could be easily non-biological, since the redox-
potential of ~he system Fe++ : Fe(OH)
3 
is 0.5 V lower at neutrality than 
that of 1m++ : Mn0
2 
(LEEPER, 1952). For manganese, the significanee of 
microbial activity has been well emphasised (STARKEY, 1955). 
Solubility of rán and Fe under conditions of flooding is related 
to the oxidation-reduction potential. GEERING et al. (1969) showed an 
equation derived from Mn2+/Mn02 half cell reaction that related yH and 
oxidation-reduction potential (Eh) to Mn2+ activity, as follows 
- 33.9 Eh - 4 pH 
0.0295 
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When soil moisture is increased, leading to anaerobic conditions, 
a drop in Eh is consequential. 1~NDAL (1961) studying the transformations 
of Mn and Fe under flooded conditions in the presence of organic matter, 
hypothesi sad t hat t he pr esence of Fe++ in salution and exchange complex 
is significantly dependent on co
2 
content. Reduction of mangenese was 
much fast er than that of iron, but total amount of Fe mobilised far 
exceeded that of Mn in course of time. Presence of organic matter en-
hanced the velocity of reaction in both cases. Conditions of flooding 
leading to increase and/or taxicity of manganese have been reported for 
rice culture as well as upland crops (CHAUDHREY and MACLEAN, 1963 
GRAVEN et al. ·1965). Liming would partially vff3et this increased reduc-
tion of manganese. 
Excess of ferrous iron is known to cause unthrifty growth of rice 
in flooded soils (PONNAMPERUMA, 1955). SENEV7IRATNE and MIKKELSEN (1961) 
reported r esults opposite to the above-mentioned works, that flooding 
reduced the Mn uptake by plants without Rffecting the Fe content of 
rice grovm on an acid clay soil. 
Studies related to the mobility of other trace elements as influen-
ced by soil moisture status, however, are very scant. NG SIEW KEE and 
BLOOMFIELD (1 962) reported that iron, cobalt, nickel, zinc, lead, vanadium 
and molybdenum were mobilised when soils were flood ed and incubated ana-
erobically wi th plant mat erial s. Chr oma t e was unreacti ve , bu·[~ chromium 
vras L!l.Ohilised in a s ::>il of norma.l mi.r.•.eral co:n.posi t:ion . Cu app eared in 
solu·c io~ bc.::.t soon dis~ppoared 9 p.r 8:::rcl;nR.b:ly du.:> to i t s afiïni ty f or orgc:mic 
ligands. It was a lso co~cluded t hat r eoxidation decreased the amount of 
material extractable with water, but this decrease was partly offset by 
a oorrasponding increase in ammonium acetate extractable fractions. 
Significanee of this mobilisation with raferenee to plant nutrition has 
not been studied. According to KUBOTA et al. (1963) the increase in soil 
moisture status caused an increase in molybdenum and cobalt content of 
soil salution and clever, whereas copper was unaffected. Molybdenum defi-
ciency in cauliflower occured when the erop was not supplied with supple-
mental moisture (ALLEN and LAUGHLIN, 1967). 
Seasonal variations in the availability of saveral trace elements have 
been recognised (HODGSON, 1963). Variatien in soil moisture will beat 
least partly responsible for the seasonal fluctuations in ·plant uptake, in 
105. 
addition to other environmental factors and plant grovnh. Variations 
in the moisture content of the soil caused by irrigation andrainfall can 
alter the moisture regime of the soil from dry to flooded stat~, and . c 
such conditions may prevail for varying periods of time. 
V .1 .3.e ~XJ2.9f.i.!!!e!!_tal_d.§.t~il_s_: 
Soil : A clay loam (Glab Zurbende) with a pH of 4.6 in KCl and 5.82 
in H
2
o, and Oo64 % organic carbon was selected. The total content of 



















Biological assessment was made with the aid of the Neubauer 
seedling technique permitting to abserve the uptake of trace elements 
by barley seedlings during a 15 day growth period. A shorter period of 
uptake (15 days) was preferred, in view of the objeotive of the study. 
In seperate flat bottomed yesseis 100 g of soil was incubated at the 
following moisture levels 
1. 50 % of the field capacity 
2. Field capacity (EquivaJent to moisture held at 1/3 atmospheric 
pressure) 
3. Saturation (Equivalent to moisture held against 10 cm H20 column) 
The above-mentioned rates will hereaftar be referred as low, medium and 
high respectively in the following text. Samples were incubated for 
7, 14 and 28 days at laboratory temperature of 20°C (! 3). Soil moisture 
was maintained at a pre-determined level by adding deionized water each 
day. Uniform distribution of moisture was obtained by adding the water 
through a glass tube placed in the middle of the vessel. By this way, 
mixing of the soil at each water addition c~nd thereby puddling) and 
crusting of the soil surface was avoided. Sequence of incubation period 
was adjusted in such a way that all periods of incubation terminated on 
the same day. Air-dry soil was taken as the control and the treatments 
were replicated four times. 
At the end of the incubation period, all the vessels were brought 
to the same moisture level (slightly above field capacity), and main-
tained at that l evel throughout the growing period. Vessels were mixed 
with 50 g of pure sand (Merck N° 7711) and 100 barley seeds were 





Plants were harvested on the 15th day and during the growing 
period foliar symptoms were recorded. 
50 g of soil samples were incubated in seperate containers for 2, 
7, 14 and 28 days ~nder similiar conditions as mentioned above. At the 
end of th e respective peri.ods, samples were extracted with 0.4 N NH
4
0Ac 
(pH 4.8) and 0 . 5 N m~o3 • 1:5 ratio of soil to extractant was used with 
halfan hour shaking. Soil pH measurements were made in water with 1:5 
ratio. 
Plnnt samples were analysed for Mn, Zn, Cu, Al, B, Pb and Fe and 
extracts were analysed for Mn, Fe, Zn, Cu, Al, Pb and Co, with a 
Simultan eous Direct Reading Spectrograph (Chapter I). 
V .1 o4. fie.ê.ult§.. .§_nSh ;Q_i§_CJ:!.S§_i.Q_n_ 
V.1.4.1. Extractability of elements -=-=-=-=-=-=-=-=-=-=-=-=-=-
The data pertaining to ammonium acetate and nitric acid extracta-
bility are report ed in table 32. The 0.4 N Ammonium acetate extractable 
manganese is cha r a cterised by a significant decrease with low and medium 
moisture level from 7th day onwards, presumably due to the oxidation of 
soluble manganese on re-wetting the soil, (WALiillR and BARBER, 1960 ; 
HAMMES and BERGER, 1960). 
Under saturation, even by tho second day significant increase 
in extract able manganese occurred (Table 32). Highly reducing nature of 
manganese oxides when soils are sa turated is emphasised by the observa-
tion tha t after 28 days of incubation under saturation, 0.5 N tiN0
3 
extracted 335 ppm of manganese against the total 1ill1 content of 340 ppm~ 
Under identical conditions, ammonium acetate extracted 50 percent of 
the total. It is obvious that the manganese oxide in this soil is highly 
TABLE 32 Extractability of elements after incubating the soil at different moisture status 
(ppm in air dry soil) 
---------------------------------------------------------------------------------------------~--------~ 
I I I - ( ) : 1 I 
1 M • t 1 p . d 11 0.4 N NH4
0Ac pH 4.8 1 0.5 N HN03 
1 H f 1 
1 mo~s ure 1 er~o 1 1 p o 1 I I ~----------------------------------,--------T--------r--------~--------1 I 
I I I I I I 1 I I I I 
1 levels 1 in days 1 Mn 1 Fe : Co l Mn I Fe 1 Co 1 Cu 1 Pb 1 soil 1 
~-----------~---------L--------1--------r--------r-------,- ·-- -----T--------~--------~--------~--------~ I I I 1 1 I I 
Low 2 : 45.0 : 12.5 l 1.7 124.5 1 4?7.5 1.0 1 3.2 : 6.2 : 5.80 : 
( 50 % Field 1 : I l l 1 , 1 1 •t) 7 : 18.5 I {5,0 1 (1.0 101.0 1 435.0 1.0 I 3.0 I ~.8 I 5.62 I 
capaCJ. y I I I 1 I I I I 
14 : 13.5 : (5o0 I (1.0 99.0 : 480.0 1.0 : 3.7 : 8o0 5.57 : 
1 1 I I I I 
1 I I I I 
28 : 7o0 1 (5.0 2.5 147.5 J 577.5 1.0 : 3o0 : 7o7 5.27 : 
I I I I I I 
Medium l 2 : 23.0 l 7.5 .( 1.0 115.0 410.0 1.0 : 3.5 1 6.2 5.90 l 
(Field I I I 1 I 
•t) : 1 : 2.0 : i.5o0 (1.0 109.0 592.5 1.0 I 4o5 8.5 5.65 ~ 
I capaCJ. y I I I I I 
: : 1 4 : 2 o 0 I ( 5 o 0 ( 1 o 0 96 o 5 51 5 o 0 1 o 0 4 o 5 8i o 5 5 o72 
I I I . . 
I : 28 : 4.0 ( 5.0 4.0 I 122o5 580.0 1.0 3.0 7'o5 5.20 
I I 
I I I I I 
lHigh : 2 : 62.5 10.01 2.0 1 165.0 510.0 1.0 4.0 7.5 : 6.15 
I (S t t. ) 1 1 1 I I l aura J.On: 7 l 165.0 245.0 l 2.5 l 228.0 1080.0 1 2.0 4.7 10.7 l 6.55 
I I I I : : 1 
: : 14 : 172.0 362•.5 : 3o5 I 267.0 1080.0 I 3.0 I 4o5 12.5 : 6.70 
1 I I I I : : I • 
l------------~---~~---4-~~~~2 __ , __ 22~~~-~---~!7 __ L-~~2~~--~!~~~!2_J ___ ~~~--l--~!I ___ i __ !1!~ __ l ___ ~!22 __ 
I I 1 1 1 1 I I I I . I 
I I I I I I I I I I 
lAir dry SOill ~ : I 1 I I I I I : 
IC t l 1 0 1 36.5 I 10.0 I 1.8 I 96.5 I 430.0 I 1.0 I 3o5 : 6.5 : 5.82 I 
I On ro I I I 1 I I I I I I I • ____________ l ________ J ________ J ________ J ________ l ________ ~ _______ J ________ J ________ i--------~---------' 
108. 
reactive and reducible and hence should be considered as potentially 
available. A decrease in ammonium acetate extraetabie manganese on 
the 28th day is probably due to the p~rtial re-oxidation of manganesc 
concomittant wi t h the increase in soil pH with time, in saturated 
soil (Table 32). 
Incubation of soil under aerobic conditions (low and medium 
moisture) resulted in an immobilisation of Fe probably due to oxida-
tion. Biological, (GLEEN , 1950) and chemical (LEEPER, 1952) oxidations 
have been recognised for iron. The period of incubation seems to be 
significant for Fe reduction under saturation (Table 32) unlike man-
ganese, where the r ate of mobilisation varied little between 7, 14 and 
28 days. 1VlNDAL (1961) observed that with increase in co2 content of 
the soil, as can be expected under saturation, Fe ~xides solubilise 
much more effectively than manganese oxides. But it should be noticed 
here tha t in spité of the higher concentration of Fe in the extracts 
after 28 days of anaerobic incubation, 0.5 N HNo
3 
extracted only 8.8 
percent of the total iron, whereas for manganese the entire total 
amount was extracted. 
In the case of cobalt, a longer period of incubation resulted in 
an increase in Co in solution irrespective of moisture status. 7 and 14 
days incubations decreased the extrac·Gable fraction under aerobic con-
dition and indicate the possibility of microbial immobilisation. 
Oxidation-reduction status of the cobalt ions and their respective solu-
bility had not been well studied. Saturation increased both ammonium-
acetate and nitric acid soluble cobalt (Table 32). NG SIEW KEE and 
BLOOMFIELD (1962) recorded si~iliar results and increased ao supplying 
capacity of a wet soil was shown to increase the Co content of plants 
(KUBOTA et al. 1963). 
Acid extractability of Pb increased in moisture saturated soil 
and was twice that of the control soil at the end of 28 days incubation. 
Cu extractability showed no consistent relation with soil motsture and 
supports the findings of KUBOTA et al. ( 1 ~~63) • 
v.1.4.2. Plant uptake of elements 
-=-=-=-=-=-=-=-=-=-=-=-=-
Among all the elements studied here, manganese content of plants 
showed the highest sensitivity to the variation in soil moisture status. 
109. 
v.1.4.2~1. Manganese uptake by plants ......................... ······ ...................... . 
Plan-ts g:rown in soil samples kept a.t air-dry state ( control) re-
corded the highest concentratien of ma.nga.nese, reaching taxie limit~ 
(Table 33). These plants showed intensive yellowing, followed by gra.dual 
but progressive drying up of the upper 1/3rd of the lea.f, a.nd total 
wilting by the 12th day of growth. It is obvious tha.t ma.nganese oxides 
in the soil understudy are in highly rea.ctive forms a.nd langer periods 
of air-dry starage have caused their reduction to divalent manga.nese 
(BOKEN, 1958), Increase in the exöhangeable Mn on a.ir-drying is rela.ted 
tototal Mn (WALKER and BARBER, 1960). Highly reducible nature of the 
total manganese reserve in this soil ha.s been clea.rly shown in the ex-
tractability. GRASMANIS and LEEPER (1962) reported release of excess amount 
of manganese to the extent of causing taxicity to apple trees, on air-
drying certain near neutral soils characterised by the presence of very 
reactive Mn02 • The soil used in this study had a. pH of 5.8 a.nd hence is 
likely to complement such reductive process in dry conditions. 
Pla.nts are known to take Mn as divalent Mn++, (JONES and LEEPER, 
1951). Incubating the soil at low and medium moisture levels had then 
significantly lowered the presence of divalent manganese in soil (Table 
33), and within each of this moisture level decreased this farm futher 
with time. Remoistening the soil had enha.nced the oxidation of Mn++ to 
Mn+++ and probably Mn++++, rendering the manganese progressively unava.i~ 
lable. HAMMES and BERGER (1960) had obtained a. variatien of 10 to 15 ppm 
in the manganese concentration between oa.t plants grown in soils pre-
viously stared in air-dry a.nd moist states. In this study, pre-incubatien 
for 28 days at field capacity decreased the Mn concentratien of plants 
to 180 ppm as against the 1131 ppm in control and enabled the plante 
to grow without signs of toxicity. Biologica.l activity in the oorreapon-
ding soil samples was assessed in order to pinpoint the reasens of 
such high rate of manganese immobilisation. Numbers of bacterial and 
mould colanies determined by soil dilution plate technique in air-dry 
and incubated soils are expressed in table 34. 
TA:BLE 33 Trace element content (ppm in dry matter) of 15 days old barley as influenced 
by variatien in pre-incubat ing moisture and time. 
~------------------ï----------.----------ï-------ï--------ï- -------. --------ï--------ï-------~--------. 
1 1 Period in 1Weight of 1 1 1 t 1 1 1 1 
I I I I I I I I I l I 
I Moisture level 1 days 1dry matter 1 N;n* 1 Fe 1 Zn 1 Cu 1 B 1 Pb 1 A i 1 
I I I I I I I t t ! - I 
1 Kincuba tion). in mg 1 : 1 1 l 1 ~ 1 L-----------------~----------a__________ l ________________ J ________ J ____ _ ____________ ~-------~--------J 
I I I t I I I I I 
Low 





(Satur a tion) 
I I l I I I I I 
: 7 : 836 : 663.0: 74.8 : 43o2; 14o7: 30.9 5 .5 · ~9.o) : 
I I I I I l I l 
: 14 : 865 : 511.0 : 80.7 : 37.5 : 14.7 : 26.0 4.& 27-5 : 
I I I I I I I I 
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Air dry soil - l l : 
1 control l 0 l 885 11131.0 : 118: .• 5 : 44 o9 : 14.4 : 22.7 l 4.8 : 25.6 
1
------------------~----------1----------l-------~--------~- ---- ---~--------2--------2-------~---------
* Effects of moisture, time and moist o x time i nteraction were 
significant at 1 1o level. 
Results are not significant for other elements. 
TABLE 34 
111 • 
Number of colanies of bacteria and mould in air dry and 
incubated soils expressed as number per g of air dry soil. 
(Det e:r:-miuo. ·cions were not made for 50 % field capacity). 
r--------------,--------------------------------------------------------------ï 
: : Moisture status at incubation I 
1 ,---------,--------------------------r------- ------------------1 
: : Air-dry : Field capaci ty : Saturation r 
1 ~----- ----r-------- ----------------- -~-- ------------------------~ 
l l- _S~i! -lit~ ~al !4!h_d~y- gs~h_d~i:-7!h_d~y_11t~ ~al gs!h_d~Yj 
I I I 1 I 
1 Number of bac- 1 6 1 6 6 6 1 6 6 6 l 
: terial colony : 11x10 :58x10 62x10 66x10 : 40x10 37x10 30x10 : 
I I I I 1 
1 Number of moü.ld 1 1 1 1 
l co~ony l 0.21x1o4!10.1x10410.2x104 40x104 ~.21x104 0.27x104 0 .. 35x104 ! 
L--------------~---------1-------------------------J--------------------------~ 
A marked increD-se in the microbial adivity of the soil at the optimum 
moisture strongly endarse s the pozs:i.bili ty of m:5.orobial immobilisation, 
re sul ting in a decrease in plant avt:d.lable mangane::le. STFVENSON ( 1956) 
recognised a short lag phase follo7i6d by a phase of logari thmic increase 
in the biological act i vi ty of soil during the early s'~l'l.ges following 
remoistening, depending upon the free amino acids and other nitrogenous 
materials reJeased by the previous air drying process. CASIDO and 
SA1~0RO (1961) report that the growth of several bacterium in the soil 
will be stimulated by mangane se concentratien in the soil. Microflora 
would also accelerate oxidation by excreting metabolites that will 
catalyse autoxidation. Mjcrobial competition can also be serious since 
the absorbing surface of microbial celJs are much more than plant 
roots (LEEPER, 1952), leading to incorporation of nutrients in micro-
bial tissue. 
Microbial immobilisation of manganese had aften been identified 
with mo.ngo.nese deficiency in crops (TITh~~ONIN and GILES, 1952), and 
sterilising the soil resulted in an increased Mn supply to plants 
(SMITH, 1963). On the other hand, this study revealed that microbial 
immobilisation of manganese under optimum soil moisture can be advan-
tageously used to prevent manganese taxicity in soils such as the one 
used here and reported by GRASMANIS and LEEPER (1966). 
Saturation of the soil for 7 days though increased the plant 
content of manganese to levels higher than the other two moisture 
regimes, did nat raise the content as high as in the control (Tabla 33). 
Fig. 6 RELAT/ONSHIP BETWEEN EXTRACTABLE 
Mn. AND Fe, WJTH Mn UPïAKE IN SOIL 
I 
PRE-JNCUBATED AT SATURATJON,IN 
FUNCTJON OF TIME . 
NHL.OAë t?>dracta bie Mn & Fe. 
ppm.in i1ir dry soil 
M n content of plant • 
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Further period of incubation at saturation decreased the plant manga-
nese significantly, which appears rather strange in view of the known 
concepts of manganese availability on flooding soils. Flooding soils 
are known to increase manganese content and worsen manganese toxicity 
(GRAVEN et al. 1965 ; GRASMANIS and LEEPER, 1966). 
Extractable fractions of manganese clearly show that large amounts 
of manganese have been mobilised on incubating the soil at saturation 
(Table 32). Hence, the significant decrease in the plant uptake of man-
ganese from soils kept pre-saturated for longer periods of time is due 
to factors related to uptake or translocation of manganese. Following 
considerations are relevent to explain this observation. Table 32 indi-
cates that saturating the soil resulted in an increase in pH and reached 
a value of 6.95 after 28 days of incubation. Such raise in pH may result 
in the reversion of a part of the mobilised manganese, but is insufficient 
to account completly the rather sharp drop in manganese content of plants. 
Further, it is known that if the concentratien of manganese in solution 
is held constant, uptake of manganese is independent of pH of the medium 
and thnt the presence of Ca and Al in salution can retard manganese up-
take (RIVENBARK, 1961). Extractable amounts of Ca and Al in samples drawn 
from this experiment showed no observable difference on saturating the 
soil and hence 9 cannot be a possible reason for inhibiting manganese up-
take by plants. Figure (6) illustrates the ammonium acetata extractable 
manganese and iron as well as plant content of manganese in saturated soil 
in function of period of incubation. Though the concentratien of manganese 
in the extract remained fairly constant between 7 and 28 days, the Mn con-
tent of plant decreased shar~with time, whereas the concentratien of 
Fe in salution increased progressively. The possibility of ionic antago-
nism between Fe and Mn for the uptake of Mn is evident in the presence of 
excess iron in solution. The ratio Fe/~~ in the substrata (based on 
NH
4
0Ac- extraction) would be 1e48, 2.10 and 3.96 for 7, 14 and 28 days 
respectively. As the ratio is increased, uptake of manganese seems to be 
inhibited. Trend of the Mn uptake curve (Figure 6) shows that there is 
likely to be a critical Fe/Mn ratio, above which the uptake will be hindered 
to a · relatively less extent 7 analogous to the influence of manganese on 
Fe uptake reported by RICKELES and LINGLE (1966). In the presence of NH
4 
ions in salution cultures, percentage manganese in plants decreased with 
113. 
increase in the concentratien of Fe in the culture medium (SENEWERATNE 
and MIICKELSEN, 1961). This phenomenon was absent in N03 cultures. It is 
possible to speculate here that since the treatments in this experiment 




, prolonged saturation of the soil would have 
favoured the presence of NH
4 
ions in the soil over N0
3 
ions thereby 
complementing Fe antagonism. The practice of applying Fe chelates to 
counteract 1m taxicity in plants (GRASMANIS and LEEPER, 1966) is also 
based on Fe-Mn antagonism. 
Results of this study is a significant departure from the hitherto 
reported effects of flooding on manganese uptake by plants, that water-
logging will increase the manganese content of plants (GRAVEN et al. 
1965 ; GRASMANIS and LEEPER, 1966). Opposite effects also seem quite 
possible depending upon the amount of iron mobilised simultaneously. 
v.1.4.2.2. Uptake of Fe, B, Zn, Cu, Al and Pb by plants : 
Pre-incubatien of soils, irrespective of moisture level or period 
resulted in a decrease in the Fe content of plants ns compared to control, 
reasens for which are not clear. Even with 595 ppm ammonium acetate 
extractable iron in the soil, plant showed no response to iron. Seperate 
experiments conducted in this laboratory using radio-active Fe, showed 
that during the 15 days of growth, the shoot content of Fe was essentially 
seed derived and only a negligible amount of Fe was taken up from the soi~. 
Baron supplying capacity of the soil in general increased slightly 
as a result of pre-incubation, but showed no relation to the level of 
moisture or period of incubation. 
Zn, Cu, Pb and Al supplying capacity of soils showed no relation 
with soil moisture status within this experiment. ICUBOTA et al. (1963) had 
shown similiar results for copper. Seasonal variations in zinc availability 
are often attributed to soil temperature variations (B~UER and LiliDSAY, 
1963), and it may well be t .hat the effects of soil moisture as such will 
t 
assume any significanee only as a soil temperature x moisture interacing 
effect with reference to Zn availability. 
114. 
V.2. Effe~t~ ~f_m~c::o~i~l_a~t~v~t;r ~n_t~e_s~l~b~l~t:z ~f_m~n~a::e~e­
nnd iron : 
Experiment reported earlier emphasised the role of microbial 
activity in decreasing the Mn content of plants when moistened so:j.ls 
are incubated aerobically. The Mn cycle given in the scheme below 
(STARKEY, 1955), is significantly controlled by biologica! activity. 
exchangeable Mn 







GEERING et al. (1969) showed that the observed concentratien of manganese 
in soil salution appears more dependent on current microbiological acti-
vity than on physico-chemical factors such as Mn2+/Mn02 half cell 
potential. 
The objecti ve of this study is to confirm whet:1.er the unavailabili ty 
of manganese is due to microbial oxidation/immobili~ation, and to verify 
whether addition of complexing agents would provide an alternate phase for 
soluble Mn and Fe to avoid microbial immobilisation. Attempts were also 
made to relate such fluctuations to t he quantitative evaluation of biolo-
gical activity. 
V. 2 .1 • ~x.:e.e.E.i.!lle!!:_t§:.l_d.§.t§:.ils_: 
50 g of soil samples used befare were incubated for 7, 14 and 28 
days at field capa~ity and saturation point, with the following treat-
ment combinations 
1. Soil alone 
2. Soil with 2 percent organic matter 
(Air-dried and powdered decomp osed peat - sample had 58 ppm total 
Mn of which 2 ppm wereN NR
4
0Ac- extractable) 
). Soil with sodium salt of EDTA at the rate of 1 mg/g of soil 









COOHa) a t t he rate of 60 .4g/50 g soil. 
11 5. 
At the end of appropriate incubation period samples were drawn for 
extractions and the assessment of biological activity. Mn and Fe were 
measured in 0.4 N I-m
4
oAc- (pH 4.8) extracts as before and biological 
population count was made by soil dilution plate technique. 
V.2.2. Results and Discussion : -------------
Data on extractability are reported in table 35. Figure (7) illus-
trates the effect of each of the treatments on manganese extractability. 
It is clearly evident that complexing of soluble Mn, either by natural 
organic matter or by synthetic chelating agents 7 would significantly 
retard oxidation of manganese, in fair proportion to the complexing abi-
lity of the added material. Stability of Mn-EDTA in the pH range of 
soils studied (pH 5.8) should be low, and theoretically should be lost in 
the soil 9 in preferenee to Fe-EDTA formation, with time (NORVELL and 
LI}illSAY, 1969). Yet EDTA has been able to retain sufficient Mn in chelated 
forms inaccessible for microb~ . .)logical act i vi ty during the experiment al 
period. 
When the soil was poisoned with thiomersal, the manganese extrac-
tability in the sample incubated at field capacity increased with time 
(Fig. 7), leading to the conclusion that decreasein Mn availability ob-
se~~ed earlier was due to microbial immobilisation. Further, it is evident 
that if the dominating role of oxidising organisms is arrested, chemical 
reduction of manganese will commence even at field capacity of the soil. 
It is important to note that the amount of extractable manganese varied 
only by about 10 ppm between two widely differing moisture regimes in the 
presence of thiomersal, reaching nearly identical quantities at the end 
of 28 days. It is possible to conclude that if the biological oxidation-
reduction is arrested, the manganese transformations are relatively 
independent of soil moisture status. Contribution of chemical oxidation-
reduction appears negligible. ALEXANDER (1965) reported that increase in 
ferrous ion in waterlogged soils is entirely the result of biological 
action and no such changes occured in waterlogged sterile soils. Results 
produced here show that the above observation is valid for Mn as well. 
An increase in soluble manganese in the control soil on 28 th 
day at field capacity might mark the retarding phase of microbial boom 
resulting in a remineralisation of senescent microbial tissue. 
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TABLE 35 Ammonium acetate extractability of Manganese and Iron in samples incubated 
with organ ic matt e r, EDTA and t h iomersal - ppm in air dry sample 
0.4 N NH
4
0Ac- (pH 4.8) extractable l\[anganese 
r----------- ---r--------1------------------------------------------------------------------ï 
: l : Moisture during incubation : 
I I ~-------------------------------------------------- - ---------------
1 Treatments • Control 1 p· l d . t 't 1 • s · t· : 
1 1 . 1 'J.e moJ.s ure capacJ. y I a""Gura J.on 1 
1 I SOJ.l ~------------------------------ - -J- · -------------------------------1 1 I I I I I I l 1 1 7 da ys 1 14 day s 1 28 days 1 7 days 1 14 days 1 28 days : 
t- ____ ------ _ ---1-- -------1------------1-----------'- -- --------~--'~ --------L----------L_ ··-------, 
l Soil alone l 36.5 : 7.5 : 2.0 7.0 ! . 130.0 l 150.0 l 189.0 l 
I I I I 
1 I I I I I I 
Soi l + 2 % 1 1 1 1 1 
1 I I I I 
oreanic matt e r. 34.5 1 22 o0 1 17.0 18.5 11 102.0 : 150.0 140.0 I I I 
1 I I I I 
Soil + EDTA 1 38 . 9 1 30.8 1 27.9 36.0 11 117.8 
1
1 117.8 239.1 I I I 
1 I I I I 





I I . I 
ersal 1 36 .5 1 55.0 ' 57.0 l 67.5 l 64.0 : 67.5 69.0 
I I I 1 I 
------------- --1---------~-----------L----------L - ---------L-~------------------------------
0.4 N llli
4
0Ac- (pH 4&8) ex tra ctable Iron: 
~----- · ----------------------------- -------- - ------------- -~--------r----------r---------, I I I I I 
1 Soil alone 1 10.0 1 < 5.0 (5.0 : 5.0 . 245.0 362.0 1 595&0 
I I I I I 
I d I I I 1 Soil + 2 7o 1 1 : 1 
I I I I 
10rganicma tter1 10.0 : <5a0 5.0 : 10.0 . - - 1 
I I I • I 
:soil + EDTA l 12.0 l < 5.0 5;.6 : 38 .1 : 800.0 800.0 l 1024.5 
: : : I : : . 
1 Soil + Thiom- 1 : 1 : : 1 
I I I I • 1 1ersa l I 10.0 : ( 5.0 I 12.5 I 13.8 ; 5.0 10.5 I 21.5 I 
I I 1 I I 
+--------------~--------~-----------l-- - --------------------- -- - -- -- - - - --------- - ----------1 
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Extractability of iron (Table 35) in general showed the same 
pattern as manganese. Chemical oxidation of Fe seems to have occured 
at the earlier phase of incubation, but in the absence of microbial 
activity, does not seem to sustain the oxidised forms with time. Higher 
amount of iron extract ed after 28 days (38 ppm) as against 12.0 ppm in 
control, is due to preferential Fe-EDTA complex formation since the pH 
of the corresponding sample was 5.65. Percentage of EDTA complexed with 
Fe will be nearly 90 percent after 3 ) days of incubation at a pH of 
5.7 (NORVELL and LINDSAY, 1969). Extractable values (Table 35) also show 
that reduction of Fe in waterlogged soil is essentially biological. 
Table 36 shows the number of counts of bacterial and mould 
colonies determined at each incubation period. 
TABLE 36 Biological count in samples incubated with organic matter, 
EDTA and thiomersal 
BAQT~lA_(x 106/g soil) 
~------ - -~- ----------- - -------- - --- - -----T--------------------------------I 
l Period l F1eld moisture capaci ty : Saturation l 1 . r----y--------y-------r--------T------y--------r------r---------1 
I Of 1n- 1 IS . 1 S . I S • l I I S · l I S "l I S · l I 
1 b 1 1 011 + 1 Oll + 1 01 + 1 1 01 + 1 01 + 1 01 + 1 
1 cu a- ~ "1 10 · 1 EDTA 1 Th" 1 So1"l 1 0 · 1 EDTA 1 Th" 1 I t. . tJ01 I rgan1c I ' I 10 I I rgan10 I I 10- I 
1 lOn ln l I I 1 I I I I I 
1 d 1 ,matter 1 1 mersal 1 1 matter 1 1 mersal 1 
I ays I I I I I I I I I 
,--- - - ---,·· ---- T - ------- T - ------r----- - ··-y----- -r ----- - - -r ---- --y ----- ----~ 
: 7 : 58 : 61 : 53 : 64 : 40 : 42 : 29 : : 
I I I I I I I I I I 
: 14 : 62 : 61 : 68 : 640 : 37 : 41 : 30 : 380 : 
I I I I I I I I I I 
: 28 : 66 : 70 : 75 : 690 : 30 : 28 : 27 : 460 : 
~--- ----_I_----.!.------ - -.!.- .. ---- _I_--------.!.------L- ---- ___ !.- --- __ !. ---- - -- __ 1 
MOULD 
(x 10~g soil) 
r- - -- ---r-- -- T --- ··----T-- --- --r ------ --y--- --- r- -------r-- ---- r -------- -~ 
: 7 l10e1l 93 : 38 l 54 :0.21 :0.29 :o.o8: 0.64: 
I I I I I I I I I I 
: 14 : 10.2: 53 : 47 : 177 :0.27 : 0.31 : O.C7 : 1.20 : 
I I I I I I I I I I 
: 28 :40 : 124 : 24 : 94 :o.35 : 0.44 :o.cG : o.68 : 
~-------L----1--------1-------L--------1------L--------L------1--------~ 
Air dry soil (Control) - Bact eria 11 x 106 /g soil 
4 Mould 0.21 x 10 j g soil 
As discussed earlier, number of counts of bact eria and mould colo-
nie s increased to very high proportions on remoistening the soil. Mi.cro-
bial population was higher at aerobic incubation than at anaerobic. 
Though extractable amounts of Mn and Fe confirmed the inhibition of bio-
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logical activity and consequently oxidation-reduction reactions when 
poisoned with theomersal, the total biological count from these. samples 
did not corroborate the stoppage of biological activity (Table '6). This 
might seem conflicting with the conclusions, made earlier on the biolo-
gical oxidation/reduction of Mn and Fe, but a possible explanation can 
be given. Bacterial species of cornyebacterium, chromobacterium, flavo-
bacterium and the fungi of the genera cladosporium, trirgschemia and 
ploospara are considered to be the major oxidisers in soil (BROMFIELD 
and SKERMAN, 1950). As such, the extent of microbial oxidation will be 
decided by the presence of specific organisms rat.her than the total 
biological population. Addition of theomer8al has obviously inhibited 
the oxidising and reducing organisms. This would then upset the microbial 
balance of the total soil system, resulting in the boom of thiomersal 
resistant organisms. Though no attempts were made for the qualitative 
identification of organisms, the visual ob servation showed that the 
colanies developed in the theomersal added soil were different from the 
colanies in other cultures. 
Results obtained emphasise the ambiguity that will arise in rela-
ting the amount of immobilisation of nutrients in function of total 
biological activity, unless the qualitative identification of the orga-
nisms are followed. Some workers have preferred the oomparisen of the 
amount of nutrients in salution (leached) in a sterile and nonsterile 
soil as an index for quantitative assessment of microbial immobilisation, 
rather than the direct estimation of biological activity (WITCAfiW, 1967). 
Samples incubated for 28 days reprasenting treatments 1 and 2 
from the above-·discussed experiment (soil alone and soil + organic matter) 
were dried under infrared light on the same day and extracted immediately 
with 0,4 N NH
4
0Ac- (pH 4.8) in order to assess the extent of chemical 
reoxidation of these element s on dessication. Re sul ts are tabula.ted :'·  · 
as ppm in dry soil (Table 37). 
Dessication of the pre-saturated samples did not cause any decrease 
in ammonium acetate extractable manganese. Re-oxidation of manganese seems 
to warrant a slow biological oxidative process and not a direct dehydra-
tion. On the contrary, Fe re-oxidation is a direct result of dehydration 
119. 
and should indicate the dominanee of chemical oxidation, in the iron 
oxidising process in the soil. Higher release of manganese in cases 
where there has been microbial immobilisation (samples which were 
incubated at field capacity) is probably due to the destructien of 
microbial tissue on dehydration. A part of the organically held Mn 
will also be re}Eased on dehydrating soils (HAMMES and BERGER, 1960). 
TABLE 37 Effect of redrying incubated sample on r.l!n and Fe extrac-
tability 
------------- ------------------------------------------------------~-1 I I 
: : Moisture level during incubation prior : 
1 Treatments 1 to drying 1 
I L---------------------------------------1 I I I I 
1 1 Field capacity 1 Saturation 1 
L----------------------------L------------------~--------------------1 I I I 
1 1 Mn Fe Mn Fe 1 I I I 
I I I 
: Soil alone - Moist : 7.0 i.5.0 189.0 95.0 
I I 
: Soil alone - Dried : 15.0 '.. 5.0 191.5 10.0 
I I 
: Soil + Organic matter-Moist ·: ~ 18.5 t.. 5.0 140.0 155.0 
I I 
: Soil + Organic matt er-Dried : 25.0 <. 5.0 1 140.0 7.5 
L----------------------------L------------------~-----------··--------
V.4. !nfl~e~c~ ~f_s~i~ ~o~s!u~e_o~ !h~ ~o~i~i!y_of ~a~g~n~s~ and ~r~n­
as related to soil characteri stics 
The objective of this study is to oompare the influence of soil 
r~oisture status on the mobility of manganese and iron in two soils of 
varying properties. 
V.4.1. ~x~e~i~e~t~l_d~t~ils_: 
Two soils with widely differing t exture, pH, Ca status, organic 
carbon, and total trace element content were selected. Relevant charac-
teristics are reported below. 
,------------ -~- ---------------ï-------------- ï- ------ -~--- --------------ï 
1 1 1 pH 1 1 Total content of 1 
I I I I I I 
: Location : Texture : : ~{, C : Mn & Fe (ppm in : 
1 1 1 H 0 KCl 1 1 air-dry soil) 1 









1 • 11 80 6000 
0.74 340 23400 
-------------L---------------L--------------L-------------------------~ 
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Samples were incubated with deionized water in amo~nts to ~epresent 
their respective moisture constants (i.e. 50 % of the field capacity, 
field capacity and saturation) 9 for 2, 6, 14 and 28 days. Samples 
were extracted with 0 . 4 N NH
4
0Ac- (pH 4.8), and analysed for Mn and 
Fe as reported before.:The pH measurements were made in water. 
V.4.2. ~e~ult~ §:_n.9:_ ;Q_i.ê_C,!:!S~i.Q_n_: 
Data on extractability of manganese and iron and fluctuations 
in soil pH are reported in table 38. 
Results obtained confirm that regardless of soil texture 9 pH, and 
total content, reversion of Mn and Fe to insoluble forms Gccured on 
rewetting the soil under aerobic conditions. A corresponding change in 
soil pH on incubation is not a prerequisite for such a reversion, 
and the extent of reversion was higher in the calcareous ~oil. 
In the sandy soil, 2 days of moisture saturation resulted in a 
three fold increase in Mn mobility, whereas in the calcareous soil, the 
rate of reduction was slower. Relatively lower pH and higher carbon 
content of the sandy soil should explain this observation. It can be 
seen that at the highest rate of mobilisation (Saturation-14th day) 
sandy soil mobilised 62.5 percent of its total manganese , whereas the 
clayey soil mobilised 28.2 percent of the total. After 25 days these 
values dropped down to 51.2 and 15 percent showing that a significant 
portion of mobilised manganese has been reverted. Intensity of s~ch a 
reversion was higher in the calcareous soil, presumably due to higher 
pH, which will enhance oxidation and precipitation of Mn++ and to 
clayey texture which will enhance Mn adsorption on the exchange complex. 
Effect of higher pH on the oxidation-reduction status of Mn in soil 
evidently is, both enhancing the rate of oxidation under aerobic 
conditions and retarding the rate of reduction under anaerobic conditions. 
Incubating the soil under saturation (anaerobic), failed to bring 
about any notable mobilisation of iron in calcareous soils, though the 
total Fe content is as high as 23400 ppm. 1~TDAL (1961) recognised the 
following intermediate forms of varying solubilities befere iron appeared 
in exchangeable or soluble form when soils were subjected to anaerobic 
incubation. 
TABLE 38 Amount of 1fu a nd Fe mobilised and changes in pH in two different soils as 
influen ced by moisture sta tus. 
0.4 N 1m
4
oAc- (pH 4. 8 ) extra cta bl e Mangane s e (ppm in air dry soil) 
~--------------1---- ------- -------------1--------~--- - ----r------- ------- -- - -------------------------~ 
I I S à . I I i 1 I 
1 • r an .y so1l 1 1 1 Clayey-ca careous 1 
1 Mo1sture r--------~ - ------r------ - 1--------~----- - -- r -------~--------r------- -~ - ------r -------~ 
I I , I I I I I I I C I I 1 sta tus , 0 Qays 12 days 1 7 days r 14 days 1 28 days1 0 da y s1 2 day s 17 da ys 11 4 days , 28 days1 
r-- - - - ---------~--------r-------r-------4--------~--- - - -- -r-- - ----1--------~----- - --r - ------r - ------~ 
I 50 (J,' f f · d I I I I I I 1 1 
I jo 0 181 I I I I I I I I 
I . 9 0 I I I I I I I 1 
I capa c1ty o I 10.0 I ( 2.0 I <2.0 ( 2.0 I 22.5 I 20.0 I 3o0 I < 2.0 ( 2.0 I 
I I I I I I I I I 
I p· ld I I I I I I I 1 
I 1 8 I I I I I I I I 
I . I I I .1 I I 6 I I I 
I capa c1ty 9o5 I 14.0 I ( 2.0 I , 2 .0 {2 ,. 0 I 25.0 I 2 .0 I 3.5 I (2.0 (2.0 I 
I I I I I I I I I 
I . I I I I I I I 6 I 
1Saturat1on 1 11.5 1 32.5 1 43.5 1 50.0 41.0 1 25 .. 0 1 33.5 175.0 1 9 .0 51.5 1 
I I I I I I I I I I I r--------------·------------------------------------------------------------------------------------· 
0.4 N ~ti40Ac- ( pH 4. 8 ) extra cta ble Iron ( ppm i n air dry soil) . 
r-------- - --- - -~--------- - ------r-------4- -------4--------r---- ---~--------r - ------ 4--------r-------l 
-' . I I I I I I I I I 
50 5'o Of f1eld I I I I I I I I 
. I I I I I I I ! 
c apac1ty I 27.5 27.5 17.5 I 15.0 12.5 i 5.5 i ( 5.0 1(5.0 I (5.0 I.( 5.0 I 
I I I I I I I I 
. I I I I I I ( I 
F1eld 1 1 1 1 1 1 1 1 
. I I I I I I I I 
Capac1ty I 30.0 32.5 15.0 I 12.5 15.0 I 5~0 I 7.5 1.(5.0 I (5o0 I <5.0 I 
I I I I I I I I 
. I I I I I I I I 
Sa turat10n I 30.0 45.0 140.0 I 200.0 100.0 I 5.0 I 7.5 I <.5.0 I (5o0 I 10.0 I 
I I t I I I I I 
~------ - -------~--------~-------~-------~--------~--------~--------1--------~--------~-------~-------l 
pH Fluctua tion s (pH measur e d in 1:5 H
2
o) 
~------------------------------ --------- -;--------------------- - --------- --- ------------- ----- - -------1 r;/_ I I I I I I I I 
I 50 ~o Of field I I I I I 
I I I I I I 
I Cap acity I - I 5o92 I 5.77 I 5o87 I 
I I I I I · I 
§.65 ··! 7.3? 7. 25 7.05 7.27 
I I I I I I 
1 Field 1 1 1 1 1 
I I I I I I . . 
:capacity : - : 5o97: 5.82: 5.82: 5 .40: -, : 7 Q40: 7.27 : 1.32: 7.30 
I I I I I I I I I I - I 
I Saturation I - I 5.95 1 6.00 1 5.95 I 6.10 1 - 1 7~47 I 7.57 1 7.57 I 7•57 
I I I I I I i I I I I I 











Howeve~ 9 the presen0e of soluble fractions of Fe will be limited by 
the soil pH 9 during incubation. Table 38 shows that under saturation, 
pH of the calcareoun soil ranged between 7.47 and 7.57. At such high 
pH values any Fe that may enter in solution will be precipitated as 
hydroxy complexes or amorphous iron (III) oxides, since the solubility 
~f these compounds are very low at a pH above 7. This should explain 
the total lack of 1"e in salution even after 28 days of e.naerobic 
incubation. 
MEEK et al. ( 1 ) 68) s·budied the mobilisation of Mn and Fe in cal-
careous silty clay 6f pH 7.8 and concluded that longer flooding time up 
to 96 hours without a.idition of organic matter did not appreciably de-
crease the oxidation~·reduction potential (Eh) or increase the concen-
tratien of F3 and Mn in solution. Data in table 38 support this view 
for Fe~ but not for Mn. Soluble manganese concentratien in calcareous 
soils more than doublod after 14 days of continuous saturation. Excep-
tions also have to be raised to the conclusions of MANDAL (1961) that 
reduction of manganese ir. flooded soils takes place at a higher 
velocity than Fe, but total amounts of iron mobilised far exceeded 
that of 1fu with time. Calcareous soil studied here mobilised negligible 
amount of Fe even after 28 days of incubation under saturation with 
water. 
At a given value of Eh and pH, the activity of 1m2+ will be much 
higher than Fe
2
+. HEM (1963) calculated that at an Eh of 0.3 Volts 
and a pH of 8, the activity of Mn2+ will be 10 ppm, whereas the acti-
vity of Fe
2
+ will only ~P 4.2 x 10-9 ppm. Results obtained here 
(Table 38) support t he implication of this calculation, as far as 
calcareous soils are concerned. 
Variatiens in the trace element supplying capacity of the soil 
as influenced by soil moisture was assessed with the minimum confaun-
ding effect of moisture on plant growth. The possible role of micro-
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bial activity in influencing the mobile fractions of Mn and Fe was 
investigated. Observed fluctuations in the mobility of Mn and Fe were 
also verified in soils of varying characteristics. 
Air drying certain soils high in reactive Mn can result in the 
release of high amounts of mn for plants to the extent of causing 
toxicity. 
Incubating the soils at moisture contents permitting soil aeration 
resulted in a sharp decrease in the Hn evailability due to microbial 
oxidation and immobilisation~ thereby correcting manganese toxicity. 
This immobilisa·bion of Mn accured irrespective of soil characteristics. 
Conditions leading to waterlogging do not necessarily increase the 
plant content of manganese as generally believed, though high amounts of 
manganese will be mobilised in soil solution. A simultaneous increase in 
the Fe in soil salution will offer competition for Mn uptake to the a.d-
vantage of plant growth. 
Fe uptalce by plants showed no relation with the mobilisable iron 
in the soil at all moisture levels, though extractable Fe showed similiar 
pattern as manganese. 
Incubation of soil prior to plant introduetion slightly increased 
the baron supply to plants, irrespective of moisture levels. 
Zn, Cu, Al and Pb, supplying capacity of soil was not altered 
obsarvably by variatien in soil moisture status. Cabalt concentration in 
solution increased on saturating the soil. 
As revealed by extractable manganese and iron, if the biological 
oxidation and reduction is arrested 9 the amount of Mn and Fe mobilised 
is relatively independent of moisture status. Addition of complexing 
agents can provide an alternate phase for soluble ions to avoid micro-
bial oxidation or immobilisation. 
Re-oxidation of reduced manganese cannot be attained by dehydration 
of the soil, but reoxidation of reduced iron is~ontaneous on dehydration. 
At higher pH values, rate of oxidation of 1m and Fe with aerobic 
incubation will be enhanced and rate of reduction under anaerobic condi-
tion will be retarded. No observable amount of Fe was mobilised on satu-
rating a calcareous soil (pH 7.5), but significant amount of manganese 
was mobilised under identical conditions. 
124. 
CHAPTER VI 
INFLUENCE OF SOIL ].:IOISTURE STATUS ON THE GROWTH AND TRACE ELEivffiNT 
UPTAKE BY 11lAIZE (ZEA MA.YS ) AHD BEAN (PHA.SEOLUS VULGARIS) 
VI.1 o Introduetion 
The experiment reported in the previous chapter verified the 
trace element supplying capacity of soils under varying soil moisture 
status, and a t echnique to assess such variations with the minimum con-
faunding effect of plant growth was described. The study gave useful 
informations about manganese 9 but did not reveal the significanee of 
soil moisture variatien on t he plant uptake of other trace element-s. 
Their preserree in t he plant tissues as related to soil moisture may 
well be an integrated function of soil moisture - plant growth. 
The reasens for t he variations in t he amount of ions taken up by 
plants gr.owing under varying soil moisture stress are both soil and 
plant related. Some of the soil related factors are : 
a) Continuity of soil moisture films are broken at low soil moisture 
contents impeding the ion transfer from t he soil to the root 
(BROWN , 1953). 
b) Solvent power of soil water decreases as the thickness of moisture 
film decreases (WADLEIGH and RICHA.RDS, 1951). 
c) Composition of soil solution will vary in absolute concentratien 
of an individual ion as well as in the ratio of ions (MOSS, 1964), 
altering thus the quantity, quality and diffusivity of the ionic 
swarm serrounding the soil particles and the root system (MEDERSKI 
and WILS ON, 1960). 
Plant related factors are 
a) The linearity between root development and soil moisture stress 
(MEDERSKI and WI LSOH, 1960) will alter the "effective root volume", 
thereby decreasing er increasing the frequency of contact between 
ions and roots. 
b) Soil moisture stress will significantly influence the rate of trans -
piration of plant species (SALTM and TODD, 1965), and transpiration 
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in turn can expedite t he uptake of ions (HYLMO , 1955 & 1958) and 
a ccentuate their translocation. 
c) The extent of influence of plant related factors are subjected to 
the genetic variability of the species in question. 
The above-mentioned concepts have been verified by studying the 
uptake and concentratien of ions in plants groïvn under varying soil 
moisture tens ions with raferenee to major elements. These works have 
been reviewed by STANHILL (1957), RUSSELL (1959) and HARNANDO and 
GARCIA (1968). Subjectsof interest in all these cases were the varia-
tions within the available soil moisture range, excluding saturation. 
Such studies related to trace elements, however, are limited and 
the results are conflicting. To illustrate this point, some of the 
available informations are summarised below. 
Concentratiens of Fe and Zn in Avocado l eaves were reduced when 
soil moisture was increased by frequent irrigation, (LABUNASKAS et al. 
1958). Same workers lat er (1965) reported similiar results for iron in 
citrus l eaves and roots. According to KI LMER et al. (1960) na direct 
relationship existed between soil moisture availability and the concen-
tratien of ~m, Fe, Al, Cu and B in eight forage species that were studied. 
Similiar results were reported on the Fe, Mn, Zn and Cu contents of lettuce 
heads (SINGH and ALDERFER, 1966). A comprehensive report by LABUNASKAS 
et al. (1966) showed significant influence on the concentratien of Zn, Cu 
and Mn in citrus tops and in the total content of Zn, Cu, Fe in citrus 
seedlings due to differential irrigation. WALLIHAN and GARBER (1968) 
proposed that iron uptake is proportional to the weight of the root system 
when water suction was varied. 
Such variations in the reported results are inevitabl e in view of 
the variability in plant species, technique s and environments that are 
involved in these experiments. Variability in the results obtained in 
soil moisture regime experiments has always been of concern and the eva-
lutien of a unified concept is difficult. This re search is therefore 
motivated to throw some additional informations on the relationship in-
volved between trace element uptake and soil moisture - plant interactions, 
when soil moisture is varied within the available range . Since most of 
the above-reported investigations did not examine the variations in the 
mobility of iron in th e soil, t h is experiment has paid attention to this 
aspect as well. 
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VI.2. ~h~i~e_a~d_v~l~d~t~ ~f_t~e_m:t~o~ :mRl~y:d_ 
a) yhoice of techni~ue : To study the relation between soil moisture 
and ion uptake by plants, two methods of experimentation are gene-
rally in vogue 
1. Soil moisture status and Roi! oxyg~=m are ree:erdP.à a.s i nterre-
lated and the effect of soil noisture tension on growth and ion up-
take is measured (BROWN, 1953 ; LABUNASKAS et al. 1966). 
2. B;y the u se of split-root technique which provides soil moisture 
and oxygen at optimum l evels so that neither beoomes limiting, and 
then study the effect of soil moisture tension on i on uptake with the 
minimum confaunding effect of soil moisture as a whole (MEDEllSKI and 
WILSON, 1960). This technique takes advantage of the fact that water 
most rapidly enters t hat portion of the root system subjected to least 
moisture stress. 
The latter technique though will axplain the fundamental relations 
better 9 the former technique is more analogous to field conditions and 
hence has valid practical implications . In this study, therefore, the 
former technique was adopted. 
b) Control of soil moisture : In soil moisture regime experiments, oompa-
risons are made between soil moistu.re contents or tensions, each of 
which is held constant, or between different degrees of drying cycles 
where each r egime is allowed to oscillate between its respective maxi-
mum and minimum range. In the second method, the minimum tension will 
be constant for all r egimes, but the maximum tension towbich they are 
a llowed to drift will va ry. Such an approach, though has the merit of 
being more compa rable to field conditions, will lend to a certain degree 
of overlapping b etween regimes, since even the driest regime will re-
semble the wettest regime for a certain period during every cycle. Since 
such overlapping might be significant with reference to the mobility of 
some of the trace elements such as :Mn, Fe, and Co, a oomparisen between 
moisture regimes 9 each maintained constant within the practical feasi-
bility of experimentation, was resorted. 
c) Other consid erations : STANHILL (1957) analysed the techniques involved 
in 80 moisture regime experiments in function of the ratios, of positive 
to negative results obtained from them and summarised that : 
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1) a greater number of significant results were obtained with annual 
plants than with perennial plants 
2) a smaller number with field experiments as compared with experiments 
conducted with plants in containers and 
3) higher number of results were significant when vegitative parts were 
used as an index than other plant characters. 
In the experiment reported further 9 therefore, a comparison between 
two genetically different annuals i.e. a dicot (bean) vs munocot (maize) 
has been chosen by growing them in appropriate containers. Trace element 
uptake pattern in the foliage after 15 days of growth, and foliage and 
root after 30 days of grow~h were used as indices. Soil moisture regimes 
were chosen 9 based on the pF-curve of the soil, and each of the soil 
moisture regimes was maintained constant by the weighed-pot technique. 
As a further step, relationship was established between amount of water 
transpired by plants, as varied between soil moisture status and trace 
element uptake. Availability of native and added trace elements under 
varying soil moisture tensions was also compared. 
A sandy loam with the following characteristics was used 
Mechanical fra ctions (%) 
Sand silt clay 
8.4 
Trace element fractions 
Trace element 
Details of anal;y:sis l\ifn ---
Tot al 250 
1 N NH
4
0Ac pH 4.8 45 
0.05 M EDTA pH 7.0 135 
Ec 
mmhos/cm 
1 .05 •. 
cont e.nt.-I>pm in air-dry 
Zn Cu Fe 
70e0 17.5 7000 
9.5 Traces 10 






Plastic pots designed for the purposes were cylindrical, 15.5 cm 
in height with an internal diameter of 10.5 cm. The pots were provided 
with a perforated detachable disc as the bottom, resting on a 2 cm high 
plastic ring slided into the pot from the bottom. In between the bottorn 
rim and the disc 9 two holes were made opposite to each other, which 
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allowed the free passage of air below the disc. Perforatiens in the 
bottorn disc would t hen permit aeration of the soil in the pot. Volune 
of the pots was sufficient to hold 1 kg of mineral soil conveniently. 
The experiment had 3 levels of soil moisture, 2 plant species, 
2 levels of trace elements, and 4 treatment •· replications. 48 units of 
soil samples (1 kg each) were fertilised with major element fertilisers 
at a rate corresponding to 260, 168, 90 and 37 kg/hectare of N, P, K 






) 2 and 
MgS0
4
7H2o. Half the number of pots were fertilised with a composite 






























7H20 in proportions corresponding to 35, 25, 
10~ 20, 4, 4 and 2 percentages respectively. Trace element dbsage was 
fixed on an average, considered optimum for field application. Bath 
major and minor elements were added in sufficient quantities of salution 
to bring all the samples to field capacity, and then potted with uniform 
compa ction. Pots were covered and left to equilibrate for 10 days. Each 
pot was then fitted with a plastic tube to a depthof 5 cm from the 
surface, and all the subsequent addition of water was made through this 
tube. Such an arrangement prevented settling of the soil due to perco-
lation of added water, ensured uniform infiltration and winimised sur-
face evaparatien since the surface soil above the rooting zone will be 
left relatively dry. 
After the end of the equilibration period, 12 pots in each trace 
element level were sown with maize seeds, in which germination had been 
initiated by pre-soaking, at the rate of 4 seeds per pot. Another 12 
pots under the same trace element level were sown with pre-soaked bean 
seeds. Moisture variables were introduced a day after sowing. The levels 
of soil moisture were 10, 15 and 30 percentages by weight of so:n which 
will correspond to pF values of 3.6, 2.5 and 2 respectively. Saturation 
point was nat included to avoid anaerobic conditions and leaching. 
Moisture retentien characteristics of the soil studied are as follows 
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--------------------------------------------------------------------1 ! Units of suction : pF : % moisture : Availability l 
: l l (air-dry soil) l criteria l 
----------------------~--- - ----~----------------~-------------------1 I I 
1
1 15 atmosphere 1 4.19 6.7 1 Wilting point I I 
I I I I l 1 3 at1:1osphere : 2.54 15.4 l Field capacity 
I I I 
l 100 cm of H2o : 2.00 30.1 : Irrigous moisture 
I I I 
: 10 cm of H2o : 1.00 41.6 : Saturation 
'-------------------- - -~--------+----------------+-------------------
Low moisture regime (10 % moisture) was created by the surface 
evapora-bion of equilibrated pots. After the soil moisture was brought 
to the required level, all pots were covered with non absorbing cotton-
wool to minimise surface evaporation. This proved very efficient, as 
at the end of the experiment, on the total, no measurable amount of 
water was lost by surface evaporation at 10 and 15 percent moisture 
levels and only 60 ml of water were lost from irrigous moisture levels. 
All pots were weiehed initially for further moisture adjustments. 
Five days after sowing, the beans were thinned to 2 plants per pot, 
whereas all the ma ize plants were allowed to erow for another two weeks. 
At the end of two weeks, 2 maize plants per pot were harvested for 
analysis. 
A measurable loss of moisture by transpiration occured from the 
10th day after sow~ng and :rom thereon was recorded by weight difference 
pri0r to addition of water each time, and approximate co:nrections were 
made for the weight of the growing plants. Plants were watered twice daily. 
The entire experiment was harvested after 30 days of growth. Period 
of harvesting was fixed on t he criteria t hat by then number of roots were 
observed at the bottorn of the pot and that uniform exploitation of the 
soil mass had occurred. Shoot and root portions were washed, dried, 
weighed and analysed as reported in chapter I. 
The experiment was conducted in the glass house during the months 
of June-July 1968 . 
In order to examine the variations in the mobility of ions in the 
soil, 50 g of samples were incubated under identical treatments as in 
the pot experiment. Samples were drawn and extracted with 0.4 N lrn
4
oAc-
(pH 4.8) at periods corresponding to 1st (15 days) and 2nd harvest 
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(30 dnys). Post-harvest samples were drnwn from the pots and extrac-
ted with 0.4 N ammonium acetate and 0.1 N nitric acid. Methods of 
extraction and analysis were the same as in chapter I. 
VI.4. Results and Discussion ---------
Data pertaining to concentratien and uptake of trace elements have 
been discussed in the following section, with reference to composition 
of 15 days old maize plantsas well as 30 days old maize and bean plants. 
Discussion based on the soil moisture content, rather than the soil 
moisture tension, is preferred here since during the plant gTowth soil 
moisture tensions w0re not measured. 
VI.4 .1 • !r.9:.c~ ~l.§_m~n! .2_0Q!.P.QS,itio_!! .2_f_1.2. da.;ys_o_ld_m~i~e_pl:,a_!!t.§. : 
The results on dry matter production of shoot show that upto 
a level of irrigous soil moisture, the production of shoot increased 
linearly with increase in available moisture (Table 39). 
The progressive incroase in the net uptake of elements (Table 39), 
with increase in soil moisture, is essentially a function of the con-
comittan·t increase in dry matter production. This is evident in the case 
of all elements particularly manganese, where, in spite of a decrease in 
Mn concentratien with incrGase in soil moisture (Table 39) the uptake 
figures showed a progressive increase. Addition of soluble manganese in-
creased the Mn concentratien in general, but decreased relatively as 
soil moisture supply increased. Concentratien of manganese was highest 
in ~lants grown at the lewest moisture regime, the reasen for which should 
be the accompanying reduction in plant growth. It is evident that accu-
mulation of manganese in the shoot did not occur in proportion to the 
increase in dry matter production and the relation is essentially the 
same even when fertilised with manganese. 
Concentrations of Fe, Zn and Cu were unaffected by variatien in 
soil moisture when only the native elements were their source. Increasing 
their concentratien in soil by trace element fertilisation resulted in 
an increased response for Zn and Fe with increased moisture supply. Cu 
content, though increased with capper addition, did not show any relation 
with soil moisture status. 
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TABLE 39 Dry matter production of shoot and upta.ke of Mn, Zn, Fe 
and Cu by 15 days old maize plants as influenced by soil 
moisture status. 
-----------------------------------------------------------------------· I I I 
1 1 Without trace elements 1 With trace elements 
I ~-------------------------~--------------------------1 ! , I of 
1 1 Moisture ~~ 1 Moisture ;a 
I I I 
I I 10 I 15 I 30 I 10 I 15 I 30 
1------------------~--------·-------+--------~--------+--------~--------l I I I I 6 
1 Dry matter mg 1 444 • 545 978 1 222 1 573 8 0 
I I I I 
Mn Conc. ppm/d.m.: 303.9 381.0 
I 
268.2 641.7 630.5 408.1 
Mn uptake ).-vg I 125"9 204a5 264.1 144.8 353.9 353.0 l 
I 
Zn Conc. ppm/d . m~~ 72 .. 8 62.7 69.6 71 .5 72.4 87.0 
Zn uptake Ág 32.3 33.6 66c8 15.9 41o3 74.9 
,.---. 
Fe Conc. ppm/d.mo 59.6 
I 
74~7 60. '( 74.5 94.5 102.6 I 
I 
Fe uptake ).vg 26.7 I 39a9 59.4 21.7 54.2 88.4 I 
I 
Cu Conc. ppm/d.m.. 6o1 7.3 5.6 : 8.5 10.2 9.3 
I 
I 
Cu uptake }J..g 2.7 3.9 5.5 1 1,9 5.8 8,0 
I I I I 
1-------- -- --------+--------+-------~--------~--------~--------~--------l 
Analysis of varianee 
~--------------. --------------- - ---------~-~--------------1 I I I I 
1 1 So·urce of 1 1 F 1 value ' I I l--- - ----------------------1 
1 1 variatien 1 M 1 Z 1 F 1 
I I I mn I n I e I 
1------ --------~---------------4--------~--------~--------l I I I I I 
1 Concentration1 Soil moisture 1 4.17·* 1 2.65 1 
: of : : : : 
1 elements 1 Trace element 1 1 1 
< 1 
I I I I I 
I I levèlS I 23 ,31**1
1 
5 ~01 * I 26 •43** 
I I I I 
I I I I I 
1 1 Moisture x 1 1 1 
I I I I I 
1 1 Trace element 1 1 .30 1 2.02 1 1 .21 
~-------------4---------------~--------~--~---~-~--------l I I . . I ~ I I 1 Uptake of 1 SoJ.l moJ.sture 13.39-l<-*1 38 • .:>3** 23.50** 
I I I 
I I I 
1 elements 1 Trace element 1 
I I I 
1 1 levels 8.69 1 
I I I 
(..1 4.75* 
I I I 
1 1 Moisture x 1 
I I I 
1 1 Trace element 1.64 1 3.27 
I I I 
• ' • I 
2.53 
1------------------------------ --------------------------1 
Significant at 1 % level 
* 
{ 
Significant at 5 ~~ level 
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TABLE 40 Weight of dry mntter nnd volume of wnter transpired by 
mni ze and bean under vnrious soil moisture regimes after 
30 dnys of grm1th 
-----------------------------------------------------------------------1 I I I I 
1 r Without trace elements ' With trace elements ' 1 L.. - - ·------·--------- -·-------1---------·--------- -··-·.'-------: 
1 I 1 I 1 I I I 1 1
1 'Shoot 'Root 'Shoot~ Totnl' Shoot 1 Root 1Sh oot:1 Total Soil • . • ' • 1 , r 1 r 1 ' g · r · g 'Root • tra n s .L a · 1 g •Root •trans·-' C rop I · I I I I ~ I I I 
1 moisture1 • 'rat ia r pirn -1 ' 1 ratio 1pira-
I I I I I I I I I 
I of I I I I tion I I I I tion I 
I ~a I I I I . .. I I I I ·. I 
I I I I I ml· I I I I ml." I 
~------ - ---------L------L-----L-----~-~----L-----~------+------~-------1 I I I I I I 
Maize 10 1 1.57 0 . 99 1.58 1 294 1.24 1 0.73 1 1.69 200 ' 
I I I I t 
I I I I 
15 2 . 25 1,03 2o18 I 475 2 . 45 I 0.83 I 2.95 457 I 
I I 1 I 
I I I 
30 4o60 1 $29 3 .61 932 4.50 I 1.03 I 4.36 918 I 
I I . I 
I 
Bean · 10 1.35 0.38 3.55 310 0.92 0.24 1 3o83 161 
I I 
I I 
15 2o32 0 . 62 I 3o74 713 I 0o48 0~60 I 4.13 622 
I I I I 
I _. 6 I I 6 I 6 30 I 4o 81 1.08 14.451 1 4 14.9910.8915o01137 I 
I I I · I l I I I 
1------- .J_------- - !- - -----I---- --L-----.1------1------ '------- '--- ----1--------1 
Analysis of ·n1riancc. 
------------------------------~----- ----------1 I I I 
1 ' Calcula ted 1F 1 value 1 I '----------------------------------1 ISource of ' 1 1 • ! ! Dry matter1Dry matte~ Volume of z 
• . I I I 
•1' va riatien • production 1production wa ter 1 I I I I 
' ' Shoot 1 Root 1 transpired 1 
L----------.J-----------.1---------~------------I I I I 1 Pl ant spe- 1 1 
I I I 
1 c ie s (A) ' ( 1 6 7 • 5 3 ** • 
I I I 
I I I 
1 Trace ele ..: 1 1 
I I 




• Soil mois - 1 
I I 
' ture (c) r 236 .05** 
I I 
I I 
IA x B I 
I I 
I I 
I A x c I 
I I 
I I 
I B x c I 
I I 
I I 
IA xBx C 
I 
( 1 




2 . 29 
6 . 99*-l<· 
( 1 
( 1 
I I I I 





1 • 18 
L - ---------~------- -- --1----------~------------l 
** Significant at 1 ~~ level 
* Significant a t 5 ~~ level 
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VI.4.2. Q.r_Qw_ih __ c_ha.E_a_Qt~ri:_s_ii_Qs..t.. ~ni .QO.!!.c~n_ir~ti:_o.!!. ~_ni ~_iake_of !.r.~c~ 
~l~m~n!s_by ~aiz~ ~ni ~e~n_aft~r_3Q iays_of ~r~w_ih_: 
VI.4.2.1. Growth characteristics: 
-=-=-=-=-=-=-=-=-=-=-=-
Data pertaining to growth of shoot and root, top:root ratio and 
volume of water transpired by maize and bean are reported in table 40. 
Dry weight of shoot and volume of water transpired increased 
progressively with increase in soil moisture . The strong interdependance 
between these characters are indicated by the significant correlation 
betweenthem (r = 0.98 for bath plants). Linear increase in the dry 
weight of tops and roots with increase in soil moisture within available 
range has been reported ( 1~ERSKI ~nd WILSON, 1960), and soil moisture 
stress was found to affect the root growth more drastically t han shoot 
(LABUNASKAS et al. 1966). Dry weight of roots for bath plants (Table 40) 
increased with increase in water supply, but the relative increase in 
root between treatment levels were lower than that of shoot. Such a 
differential. response in shoot and root production resulted in an increase 
in the shoot:r.oot ratio with increase in soil moisture, in bath crops 
(Table 40). If the ion absorbing parts represented by root do nat keep 
proportion to the amount of shoot tissue produced, a drop in concentratien 
of the i ons in the shoot can result, unless counteracted by an increased 
efficiency of roots (as was seen for the iron uptake by bean) or addition 
of soluble ions (a s was observed îor Mn and Cu by_ maize). WALLIHAN and 
GAREER (1968) observed a cor relation between root:top ratio and iron suffi-
ciency in plants, when water suction in the soil varied and concluded that 
comparative physical dimensions of root and top are important plant 
factors that regulate iron sufficiency in the plant. 
Beans produced comparatively smaller amounts of roots than maize 9 
but absorbed higher amo;mt of soil salution as evidenced by the higher 
total transpiration. Amount of water absorbed by plants at each soil 
moisture level did nat have a direct relation with the amount of root 
in contact with the soil, when oomparisans between two different crops 
are involved (Table 40). Within the same species of plant, the amount 
of root, produced showed close relation with the volume of water 
transpired at each moisture level. 
The observation thattrace elements interacted s ignificantly with root 
production, but nat with shoot production, deserves attention, in view of 
the .fact that the amounts of trace elements added were relatively small. 
TABLE 41 a Concentratien and uptake of :tvin ~ Zn, Fe and Cu by maize and bean . shoots in 
function of soil moisture supply after 30 days of c rowth 
~-------- - ~-- - -----~--------------------------- -- - -------------r-- - --- --------------- ··-------------------~ 
1 1 Maize 1 Bean J I 1-------------------------------------------L-----------------------------------------
: Moisture ~~~-~~-o-~t--~~é1:..~~-~~~~~~~s_i~~~'::-~::~~~-~~~TE~~!~b~0:.~I:<:~~-~~~c-e __ ~-~~~~~LV~i_t_!~_:t_~c:_c_~-~~~ll!_~~~~ 
Element 1 1 1 1 1 1 1 1 1 1 






I ; O I I I ' I I I I I I : : ppm dry : .k g : ppm dry: kg : ppm dry ; Á g : ppm dry : ,hg : 
1 1 me.tter 1 1 matter 1 1 matter I I mc.tt e r 1 1 
~---------~- - ------~-----------~-----------~- -- ------J---------L-- - ---------L------ - --L----------L-------J 1 i I I I I I I I I I 
: Mn : 10 : 357.9 : 545.0 : 397.1 : 471.2 : 1033.9 : 1367.8 : 1496.0 : 1308.2: 
1 1 I I I I I I I I I 
: : 15 : 421.9 : 939.7 : 312.1 : 742.8 : 1312.4 : 3121.7 : 1233.1 : 3024.2: 
1 1 1 I I I I I I I I 
: : 30 : 185.7 : 872.8 : 226.8 : 938.6 : 1325.4 : 6342.9 : 11:53.4 : 5900.6: 
1- --. ·-1-----t----------l --1-- . ---' 
1 1 I I I I I I I I I 
: Zn : 10 : 66.6 : 101.3 : 77.2 : 89.0 l 78.1 : 105.7 : 07 .5 : 81.3: 
1 I I I I I I I I I I 
: : 15 : 69.7 : 156.8 : 66 .9 : 163.9 : 78 ., 9 : 182.9 : 90.1 : 244·5: 
1 1 I I I I I I I I 
: : 30 56.5 : 249.8 : 171.4 : 667.1 : 88.9 : 425.7 : 84.9 : 423.2 
-1---- --4 --- .l.·--- ·- ·-·----l-- __l. ___ ____ J __..!__ ___ ~ 
1 1 I I ' I I I I 
: Fe : 10 99.0 : 152.2 : 121.9 : 151.1 : 148.6 : 195.9 : 141.9 : 133.2 
1 1 I I I I I I I 
: : 15 155.9 : 261.4 : 179.5 : 439.5 : 273.7 : 656.8 : 233.8 : 579.1 
1 1 I I I I I I 
: : 30 105.8 491.9 : 315.1 : 1417.9 : 545.7 : 2604.1 : 327.4 : 1560.9 
i ~- ·---:---------:-----· · ·-:-----·-+----·-+---- ---- --:-- --1 : ï 
: Cu : 1 0 l 7 • 2 11 • 1 : 1 7 • 6 l 2 2 • 3 : 6 • 8 l 9 • 1 : 2 8 • 7 l 2 6 • 6 : 
1 1 1 l I I I I I I 
: : 15 8.5 19o2 : 19.3 : 47.3 : 7.0 : 16.5 : 17.5 1 43.4: 
1 1 I I I I I I 
: : 30 7.3 31.3 : 129.5 : 583.7 : 9.2 : 45.4 : 9.8 49.4: 
·1-- ---.._-----~--------l..- I I I I I I I I -------, 
B l 10 - l - l - l - l 11o2 : 13.0 l 15.1 14.2: 
1 I I I I I I I 
: 15 - : - : - : - : 18.7 : 43.5 l 18.5 45·7: 
1 I I I I l I I 
: 30 - : - : -: - : 23.4 : 1'12.8: 20.1 101.5: 
. 1 I I I I I I I I 
-------------------------------------------~--------- -·---------~------------+---------~----------~-------~ 
TABLE 41 b Analysis of v~riance - Concentratien and uptake of trace elements by maize and 
bean shoot after 30 days ~rowth 
------------------------------------------------ -- -------------~-~-------------------------------------~ I I I 1 
1 1 Souree of : Calculated IF 1 values 1 
1 Chara cter 1 • • -- ·-- ------,----------,-----------1------ -----r---- ------ -1-----------r- ---------~ 
1 : va.r1.at1.on : M~ 1 Z 1 F 1 C 1 B 1 Pb 1 Al I 
, l illl I n I 1 e I U I I I I 
-------------r------------~----------,----------,-----------r----------r-----------1-----------r----------~ 
C t . Pl t • I I I I oncen ro.- i a n spe- i 1 1 1 1 
tion in l cies (A) l 204.13** l t_1 l 81.83** l 90.36*·X· l 
th l t 1 I I I i I e s 1.00 1 T 1 1 1 1 1 
I race I I 1 I I 
1 elements (B) l 1.08 l 14. 70*"~ l {1 l 248.61** l 
I I 
1. 79 6.94* 
(1 
I I 
1 I l Soil 
: moisture (C) l <.1 8.70** 58.80*->:- 100.16** 11.26** 2,58 8.81** 
I I 
l A x B l 1.53 8.197a 25.04** 90.72** 
I I 
l A x C l 1.75 6.72** 13.22** 143.45** 
I I : 
: B x c : 2.09 9.37** (1 94.47** 1.95 I 
I I : 1 
: lA x B x c : (1 15.23** 19.96** 156.52** - I - I 
------------------- ï---- 4----- r----- -1----- ~---- -1-I I 1 I I I l Uptake of lA 126.04** <.1 1 41.57** 37.03** 1 - 1 <1 1 13.51** 
I l .J.. I I I : : 
I e emen LoS 1 B ( 1 6 • 2 7** : 1 54 o 72** I 1 I - 1 
I by ShOOt I I ( I ( I I 
I I 1 1 I : :c 36.65** 46.28**: 119.31** 57.52** I 52.49** I 3o74 1105.83** 
I 1 1 I I I 1 I I I 
I I A x B (. 1 5 55.,'"* I 17 24** 39 08** I - I - I 
I I • I • • I I I 
I I 1 I I 
: lA XC 27.01** 1.50 l 18.62** 41.82** I - I .( 1 1 12.41** 
1 1 I I I I 
1 I I I : lB XC <1 6.91** I (.1 40.50** l {.1 I - 1 
I 1 1 1 I I I 
1 1 . I I I 
: lA x B x c t.. 1 I 7.55*'!(- I 18.58** 46 .. î19** I - 11 - : 
1 I I I I 
--------------------------------------r----------r----------~----------+------- - --L----------L----------
3.33 4-44* 
** Significant at 1 % level 
* Significant at 5 % level 
TA:BLE 42 Concentratien o.nd upt nlce of Zn, Cu by mc.ize a nd benn r"oot aft e r 30 dr.'..ys of gr owth 
r- - - - -----,----------~- ------------------------------------------------------------------------------------
1 I : r . B I 1 1 1 w:n .z e ea ns 1 I I 1------------------------------------------------------------------------------------J 
l : , . l 11i t hout t r E'-ce e l ementJE th tra c e elements:1if i thout tra ce e lements hH t h tra ce el ement s l 
1 1 Lo1sture ~------------------- - -~------------------~ - -------------------- - ~------------ -------~ 1 • I I I I I I I I I 
1 El ement i ('1 1 Concen . 1 Upt ake 1 Con cen. 1 Uptake l C::mcen. I Up t nk e I Conc en . 11 Uptake 11 
I I ;o I I I I I I I I I I I 
1 1 1 ppm dr y 1 Af, g 1 pp.m dry 1 .M-g 1 p om dry 1 MI g 1
1 
ppm dry 11 ,<.vg '1 I I I I I I I ' I 
1 1 1 mr'-t t e r 1 1 matter 1 1 m1.tt e r 1 1 matt er I I 1-----------1-----------1---- -------f-------- ----'--- ------1----- ____ J.- --------- _.J __ ---- ____ .... __________ I __ ----- __ .J 
I I I I I I 
Zn 10 1 194.7 1191.1 1 210 . 2 1'16.2 H3.6 1 166.5 11 312.2 11 I I I - I 
I I I I I 
15 I 265.2 270.2 I 217.0 178.9 370o3 I 231.3 I 320o2 11 I I I I 
78.1 
193.8 
I I I I I 
30 : 150,6 193o4 : 159 .6 161 o4 348.1 : 382o7 : 315.8 : 286.1 
I I I I 
Cu 10 : 43.7 35.8 : 40.4 29.9 57.5: 21.5 : 
I I I I 
15 : 44.1 45o1 : 46e8 38 .3 54o7 : 34.3 : 
I I I I I 






1 I I I I I I 




Extractable elements in sample incubated nt the laboratory 
under varying moisture (ppm in air dry soil) 
~-----------r----------~--------~--- - --------------- - ------------------1 
i Mo isture( i iPeriod of :Trace L------~~~-~-~~4~~~=-:~~=~~~~~~: _______ : 1 status ~o 1 incubation1 el ement 1 Z 1 C 1 ~r 1 F 1 
I . )I. I I n I U I ! •I n I 8 I 1 by welght 1 ln days 1leve l 1 1 1 1 1 
,-----------r·----------~--------r--------1---------;---- -----~---------~ 
i I I I 
I I I 5 0 I 
I 10 I 15 I 0 7o5 .(0.5 43.0 .( • I 
I I I I 
I I I 6 5 0 I 
! 15 I I o5 <0o5 28.0 ( ~ I 
I I I 





















I < 0.5 
( 0.5 






10 1 7c0 : (. 0,.5 38.0 5.0 
I 
15 7.0 : ( 0.5 18.0 5.0 
I 
30 7~5 : ( 0.5 7.0 5.0 
I I 
I I I I I ---------------------------------------------------------------------4 
TABLE 44 Extractable elements in post-harvest samples (ppm in air dry soil) 
r----------r---------,----------,------------------------ -----------,----------------------------------, 
: Moisture : Previous : Trace : 0.4 N NH OAc- extractable : 0.1 N HNO extractable : 
: status % : erop : element :---z-------:--4C------:----M-----r--F-----;---z-- ·---i ___ C ___ 3 _i--~~-----r---F----i 
I I 1 i n I U I n I e I n I U I mn I <e I 
I ~ I g'rOW11 I levelS I I I I I I I I I 
----------,----------7----------,--------,------------------r-------~--------r--------~--------~-------~ 
1 1 1 I . 6 I I I 10 I Beans 1 Ü 1 8oÜ 1 'Üo5 3.0 5.0 14.) I 4.5 108.0 I 120.0 I 




1 1 I I 6 I I I 
1 I I 8o5 I ~0.5 53.0 o5 14.0 I 5.0 1QQ.Q I 12ÜoÜ I 
I I I I I I I 
1 I I I I I 
I I I 8 o5 ( Üo5 25.0 9o0 13o5 I 5.0 74o0 I 12ÜoÜ I 
1 I I I I I 
I I I I I I I 
I I 1 I 9.5 '0.5 73o5 7o0 14.5 I 5o5 103.0 I 12ÜoÜ I 
1 1 I I I I 
1 I I I I I 
I I I 9.5 (QG5 49oÜ 7o0 12.5 I 5.5 99o0 I 115.0 I 
I I I I I I 
I I I I I I 
15 
30 1 I I 10o5 <0.5 I 2Q.Q 1Q.Q I 13.5 I 5o5 83.0 I 105.0 I 









1 I I 
I 8.Q <._Üe5 I 49.0 9.0 I 11.5 




















































I I I I I I I I I I 
~----------~---------~----------~---------~--------~--------L-------J--------L--------1--------L-------~ 
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VI.4.2.2. Concentratien and uEtake of trace elements : 
-=-=-=-=-=-=-=-=-=---=-=-=-=-=-=-=-=-=-=-=-
Concentratien and uptake of all elements studied for the shoot 
portion are reported in table 41 a. Table 42 gives data pertaining to 
the analysis of roots for Zn and Cu only. Analysis of varianee of the 
results for shoot are given in table 41 b. 
Extracto.ble amounts of elements in samples incubated separate]y as 
well as in pont--harvest samples collected from the pots are given in 
table 43&44. Extractable data have not been discussed separately, but 
will be used to supplement the discussion on plant uptake. Manganese 
extractable values give a useful index to show that no reductive changes 
accured in the soil within the levels of soil moisture studied. 
VI.4.2.2.1. Hanganese 
a) Maize : Concentratien of manganese in the shoot tissue was lowest in 
plants grown under irrigous moisture level, and was comparable in trend 
with the results obtained with 1j days old maize plants. No uniformity 
exists in the reported results on the manganese content of plants under 
varying moisture stress. SINGH and ALDERFER (1966) found no significant 
effect on the Im content of lettuce heads 9 whereas LUBUI'TASKAS et al . 
(1966) observed significant effect in 1m concentratien of citrus plants 
with differential irrigation. Data presented in this research (Table 41 a) 
support the view that if conditions leading to anaerobiosis have not pre-
vailed during plant growth, increasing t he available soil moisture will 
result in a decrease in the Mn concentratien of maize. This cannot be 
related entirely to the dilution effect of dry matter produced. Values of 
extractable Mn reported in table 43 clearly show that the mobility of Mn 
in the soil decreased with increase in soil moisture . Evidence has been 
presented in the previous chapter that such deeroase in Mn mobility is 
due to microbial immobilisation. Futher, analysis of maize roots revea-
led that N"ln concentratien of roots decreased from over 3500 to 1900 ppm 
when soil moisture was raised from 10 to 30 percentage. Obviousl y the 
proportion of 1m uptake by plant roots per unit dry matter production, 
decreased with increase in soil moisture within the aerobic range. It 
i s noteworthy that such decrease in manganese uptake accured even when 
fertilis ed with manganese and with an increased root growth, both of 




Manganese concentratien of bean showed no significant relation 
with soil moisture levels, but when soluble manganese was added the 
concentratien of manganese was highest in plants grovrn under lowest 
moisture regime . 
ExtrA.ntable manganese in post-harvest soil samples (Table 44) 
revealed that growth of bean has resulted in a higher degree of 
manganese solubalisation than with maize. Variability in the rhizos-
phere effect and reductive capacity of the roots, should account for 
the observed variatien in manganese mobility under different cropping. 
The higher rate of manganese mobilising capacity of bean roots offers 
a partial explanat-:.on for the higher amount of Ifu in bean , and also 
for the insignificant effect of moisture in decreasing the plant 
available mango..nese. 
VI.4.2.2.2. Zinc and capper 
a) Maize : When the supply of Zn and Cu is limited by their native 
sources, concentratien in plant tissue >7as unaffected by vo.riability in 
soil moisture (Table 41 a). Since concentratien remained constant, uptake 
figures increased proportional to dry matter. Vfuen the soil was fe:Itilised 
with the soluble farm cf th ese elemer~s, the concentratien in the shoot 
tissue increased to high ~roportions only at irrigous moisture level. It 
is of considerable significanee to abserve that application of soluble 
Zn and Cu produced significant response only at irrigous moisture level 
and not at field capacity, which is the generally accepted optimum meis-
ture level for normal plant growth. 
Two of t he observations made here merit some consideration 
1" In the case of maize, when the o..pplication of soluble elements in-
creased the concentratien of Zn and Cu in shoot more than twofold 
oempared to the control, the corresponding root concentratien of both 
elements remained uncho.nged (Table 42). 
2o Plant recovery (uptake) of added Zn by maize o..t irrigous moisture 
level was more than the amount added in the case of Zinc, while, 
the plant recovery was nearly 100 percent in the case of Copper. 
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The farmer observntion supports the possibility of that the 
translocation to the shoot accured concomittant to the entry of Zn 
and Cu to the root~ but no direct explanation arises from this study 
to elucidate the l atter observation. 
b) Bean Cu and Zn content of beans showed no significant relation 
with any of the treatment levels. KUBOTA et al. (1963) reported the 
lack of nny observable varintion in the capper content of clover as 
related to soil moisture tension. Results obtained in this study lend 
support to this observation with reference to bean • But uptake of Zn 
and Cu by maize in function of soil moisture is subjected to signifi-
cant interaction with the soluble nmounts of these elements in the soil. 
Zinc eontent of avocado leaves was reported to have decreased when 
available soil moisture increased (LABUNASKAS, 1958). Results reported 
here cJ.o not: support ·~his obso:r:vationQ 
VI.4.2.). Iron 
-=-=-
a) Maize : Concentration of Fe in maize plants showed significant 
relation with the moisture only when supplied with soluble iron where 
the plants showed an increased response to added iron at all moisture 
levels. The relativa increase in Fe cvncentration was highest at the 
wettest m_oisture regime ( irrigous moisture). 
b) Bea~ : Fe concentration of beans increased with soil moisture supply 
significantly, regardless of iron supply. Among the elements studied, 
Fe was the only element concentration of which varied .significantly with 
soil moisture supply. 
Addition of a trace element mixture including iron, decreased the Fe 
uptake by bean in general which is possibly due to ion antagonism for 
uptake between Fe and one of the added elements. 
LABUNASKAS (1958, 1965) reported a deeroase in Fe concentration in 
avocade and citrus leaves, when soil moisture was increased by frequent 
irrigation~ Observations made in this experiment ere quite contrary. 
Labunaskas 1 s studies were made on perennial plants whereas these studies 
are with annuals, and therefore comparison between results of two expe-
riments may not be quite tenable in view of the plant interaction in 




extractnble iron (Table 44) in soil showed a higher 
vnlue in samples cropped with bean than maize, nnd gives added evi-
dence to the increasod reductive capacity of the bean roots over 
maize roots. 
Concentrntion of boron in bean increased significantly with 
increase in soil moisture. Analytical data are not availcble for maize. 
Results obtained here are in line with the reported work that the ob-
served baron deficiency in tomato and alfalfa were not due to the 
deficient supply of boron in soils 9 but due to the limited supply of 
moisture associated wi th i t (HO,BBS and BETRAMSON, 1949). 
VI.4.2.2.5. Lead and Aluminium s 
•"' •••••••••• •• ••• • •••••• e• •••••••••• 
Tii.BLE 45 Concentratien and uptake of Al and Pb by maize and bean 
nfter 30 days growth. 
(Averaged between trace element levels) 
r----------,-----------,----------------------,------------------------1 
: : : Maize : Beans : 
I I • · -----------r----------,-----------,------------
1 1 IVWlsture : 1 1 1 : 
1 El ~ 1 1 Concen. 1 Uptake 1 Concen. 1 Uptake 1 
1 emen v 1 1 / 1 1 /d 1 1 1 
I I of I ppm dry I ~ g I ppm ry I /<ovg I 
: : 
70 
: motter : : matter : : r----------,-----------,-----------r----------,-----------,------------
: Al : 10 32.0 : 43o3 43.5 47o6 
I I I 
: : 15 31 ~9 : 74.4 55.9 
I I 
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Concentratien and uptake values are reported in table 45. Results 
are averaged between trace element levels since no addition of these 
elements were made. Pb content was unaffected by soil moisture in bath 
species. 11.1 cont ent was unaffected by moisture supply in maize but not 
in beans, where concentratien of Al increased as soil moisture supply 
increased . 
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VI.4.2.2.6. Relntion between rate of. transpiration and trace element ................................................................................................................ 
concentratien in plants : 
The foregoing discussion on individual elements emphasises the 
highly significant interaction between plant species, soil moisture 
and ion uptake. It has also been shovm aarlier tho.t, betw·een two spe-
cies of plnnts, the amount of ions absorbed does not hold a direct re-
lation with t he nmount of root produced. The varintion in the nmount of 
soil salution absorbed by t he root (as revealed by t otnl transpirntion), 
between maize nnd beans, (Table 40) should offer partial explano.tion 
to the wide varintion in the trace element content between them (Table 
41 a)? in addition to the differential trace element mobilising capa-
city of their roots (Tuble 44). Ro.te of transpiro.tion can bring about 
changes in t he element composition of plants by one or allofthefollowing 
reasans 
1. Increasing the amount of ious arriving at the root surface by mass 
flow (BARBER et al. 196 6 ; EATON o.nd BERNARDIN, 1964). 
2. Hnstening the upwnrd transfer of ions w~ich are alrendy in the xylem 
vessels (RUSSELL and BARBER 5 1959). 
3. Accelernting the passive transfer of ions from the soil across the 
root (HYLMO, 1955~ 1958) . 
Recent evidences have illustrated the significanee of transpiration on 
micronutrient content of sever::ü plant species. The o.mount of i ons swept 
to~ards the plant by mass flow has been shown to be highly significant 
for Mn and Mo (BARBER et al. 1966) and to a limited extent for Zn 
(HALSTE.AD et nl. 1968) in deciding the plant uptake of these elements. 
To what extent these functions will explain the results obto.ined 
in this study is worth exnmining. 
TABLE 46 Tro.nspiration ratio (volume of water transpired in ml per g of 
dry matter) for maize and bean 
r---------------------r-----------------------~- ------------------------1 
: 1 Me.iï3e 1 Bean 1 
~-----------------------~-------------------------1 1 Trace element level 1 1 1 1 1 1 1 : 1 0 1 1 11\.ve::::-age 1 0 1 1 1 Average 1 
----------------------L-------~-------~-------~-------~-------~---------1 I I I I I I 
I Soil moisture % 1 1 1 1 1 1 
I I I I I I I 
I 10 I 187 I 161 I 174 I 229 I 173 I 201 
I I I I I I I 
I I I I I I I 
I 15 I 211 I 186 I 199 I 307 I 250 I 278 
I I I I I I I 
I I I I I I I 
1
1 30 I 200 I 204 I 202 I 345 I 275 I 310 I I I I I I I_-----------------·----L ... ----- -.L.--- ----~---- ----1--------1--------'---------
Fig. 8 UPTA K E OF' Fe, Mn, Cu AND Zn IN j.Jg PER mi. OF 
F• Mn Cu Zn 
2·0 10·0 0·5 0·6 
1·6 8·0 0·1. 0·5 
1·2 6·0 0:3 0·1. 
0·8 1.·0 0·2 0·3 
0·1. 2·0 0·1 0 ·2 
0· 0 0.0 0·0 0·0 
1· 6 2·1. 0·8 0·8 
1·2 1·8 ().6 0·6 
~ 1·2 0·1. 0·1. 
()./, ().6 0·2 0·2 
(}0 (}() 0·0 0·0 
WA TE.R TRANSPIRED BY BEANS lAJ AND MA/ZE fBJ 
IN FUNCTION OF SOIL MOISTURE.. 
A A1 & s1 Without trac~ elem•ttl 
A2 & s2 Wtth t r., c ~ elem•nt 
At A2 
0 




10 15 20 25 30 10 15 20 25 
50/L MOISTURE % 
144. 
The amounts of water transpired by both bean and maize viewed in 
oomparisen with their respective root growth (Table 40) substanti-
ates that per unit weight of root, bean can absorb eonsiderably 
higher nmount of salution than mnize. It is also interesting to ob-
serve that there was significant interaction between volume of water 
trEmspired and trace element levels. It is not knovm w:t9ther this 
effect is an indirect effect of trace elements x root growth inter-
action, or is related to some physiological function of plants. 
Practically little information exists on this aspect. However, mention 
can be made of reports that plants (Tropacolum rnajus 1 . ) with trace 
elements in their fertilizer mixture transpired throughout hot days 
while controls did not (SCHUTTE, 1959) and Mo influenced transpiration 
rate of pea lenves (ZASLONKIN, 1968). A separate study will be needed 
to elucidate these relations. 
The increa sed Mn and Fe mobilising capacity of the roots, and the 
higher rate of transpiration per unit weight of dry matter appear to 
be two important factors responsible for the higher concentratien of 1m 
and Fe in beun as oempared to maize, when indigenous elements were the 
only scurce of their supply. 
Figure 8 illustrates the amount of Mn, Zn, Fe and Cu taken up by 
plants per unit volume of (1 ml) transpiration . As the concentratien of 
soil salution gets dilute1, with increase in soil moisture, the amount 
of certain el ements taken up per unit volume of water transpired will 
decrease (Figo 8 A & B). But the concentratien of these elements in the 
plants at higher moisture supply, can still remain constant or increase, 
since the higher rate of transpiration that fellows higher soil moisture 
(Table 40) will compensate the net intake of ions. Concentratien values 
of Zn and Cu in beans supports this possibility. On the other hand,if 
the rate of salution intake (here cvidenced by transpiration) is not in 
direct proportion to the increase in available water, as seen with maize 
plants, a net decrease in ion concentratien in the plant tissue can 
result. 1\.. significant drop in the manganese concentratien of maize at 
irrigous moisture level may be partly due to this reason. 1\..ddition of 
soluble micronutrients does not necessarily lead to an increase in the 
concentratien of salution taken up by the plants as the response to an 
added element is sub jected to significant internetion with the plant 
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). 11he amount of iron taken up by beo.n 
per unit volume of water transpired, in camparisen with ether ele-
ments (Figure 8~ ~~& S2), emphasises the highly specific relation 
between the nature of ions o.nd plant species in soil moisture-ion 
upt nke funct ions . Such specificity in the relation between individunl 
ions and plant species, as influenced by soil moi sture suppl y , has 
been we ll r e cogni sed for ma jor element ions, (BROV:Tlif , 1960 ; MEDERSKI 
nnd WILSON, 1960 ; HERMAliDO et a l. 1968). 
Coefficients of simple correlation calculated for the vBlu~of 
water transpired and upt ake of elements are reported in table 46. 
TABLE 46 Correl ation coefficient (r) b~~re en volume of water trans-
pired and uptake of el ements : 
------------------------------ - --------~ -------------------------------1 I I 1 
1 1 1 r 1 val ue 1 
: Crop : Zn Cu Mn Fe B Pb Al : 
1--------,.. _--- -- ·--- --- - .. ------ .... - --------- - ·--- - ------ -------------------1 
: Mai ze : 0 .71 -*** 0.61·** Oo 87*** 0 .66*** 0 .79*** 0.83***: 
I I 1 
: Bean : Oo96*** Oo64*** 0.09*** 0.95-l<·-:H 0.96*-H 0.88*-** 0391***: 
I I 1 
1-------~----- ------- - ---------·- ----------------------------------------
·X·-Y.··lE- Significan-i~ nt 0 . 01 % 
-lH~· Significan·~ a t 0.1 % 
Hi ghly s i gnificant positive correlation existed between volume of 
water transpired and upt ake of all element s studied. 
VI.~o Summary and C onclusio~s : - - - - - - - - - - - -
The influence of soil moi sture supply on the trace element con-
centration rmd uptake by l!laize (monocot) and bean (dicot) was studied 
in a pot culture experiment by growing t hese plant s at three constant 
moisture regineR , within the avnil able soil moi sture range. 
Dry matt er production incr eased nearly proportional to t he increase 
in moisture supply , resulting in a concomittant increase in the total 
upt ake of all element s in function of moisture suppl y. The amount of 
root producecl inGreased s i gnificant l y when availabl e wat er increased in 
both crops . 
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For maize 9 concentratien of Zn, Cu and Fe was unaffected by 
soil moisture supply 9 when it was limited by indigenous sourees of 
elementsc When soluble amounts of these elements were added, their 
concentratien increased significantly at irrigous soil moisture. 
Response to added elements was not significant at field capacity. Mn 
concentratien in mnize decreased at irrigous moisture regardless of 
Mn supply, Pattern of relntion between soil moisture supply and trace 
element content was identical between 15 and 30 days old maize plants, 
though varied between them in the absolute amounts of elements. 
Concentratien of Zn, Cu and Mn was not significantly s.ffected by 
soil moisture in beans, but concentratien of Fe, B and Al increased 
significantly at irrigous moisture leveL 
Higher IAn and Fe mobilising capacity of the roots and the increa-
sed rate of transpiration at all moisture levels are proposed as two 
important f a ctors responsible for the higher amount of Mn and Fe taken 
up by bean in oomparisen with maize. 
Possible relation between rate of transpiro;l:;ion which varied 
between plant species and soil moisture supply, and the concentratien 
of elements in plant tissue is discussed. Trace element fertilisation 
significantly reduced the rate of transpiration at all moisture levels. 
Soil moisture-trace element upta~e relationship in plants varied 
significantly between elements studied and plant species experimented 
with, as governed by soil moisture supply . 
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CHAPTER VII 
SUMMI\.RY AND CONCLUSIONS 
Studies reported in this thesis were aimed at contributing to 
the existing knowledge of soil-plant relationship of trace elements, 
as influenced by some of the agronomie factors, when several ele-
ments are considered simultaneously. Effects of organic matter 7 liming, 
liming x organic matter interaction and soil moisture on the trace 
element mobility in soils and consequently plant uptake were considered 
with the aid of appropriate techniques. The confounding effect of trace 
element fertilisation was elucidated in all the relevant instances. 
Following are the salient conclusions made. 
1. Effect of organic matter (peat) on trace element uptake by plants -----------------------------------------------------------------
Micronutrient supplying capacity of a decomposed pent as evnluated 
by the Neubauer test was in the order of Zn ). Th/In) Cu >Fe. This was in 
reverse to the expected order of stability of the respective metal-orgn-
. . t th d I f F +++ C ++ ~.!In++ Z ++ nlc comp~exes a e mensure pt o the pent i.e. e > u > ~ > n . 
Trace element supplying capacity of the peat showed no relation to its 
total con·lJent, but was i n accordance w~th the order of desorption to H+. 
In spite of the relatively high total contents of Pb, Ni and Al in 
the peat, addition of it did not affect the Pb content of plants signi-
ficantly, but markedly decreased the Ni and Al contents of plants. Possi-
ble relationship between Ni uptake and peat addition was discussed. 
Mobility of each element within the plant showed significant inter-
action with pent and soil. Addition of organic matter promoted the mobi-
lity of manganese and immobility of zinc within the plant. 
2. Effects of liming x pent int eraction on trace element uptake by plants : ----------------------------------------------------------------------
Liming alone significantly decreased the Mn and Zn contents of 
maize, but increased the Mo content. Fe and Cu contents of maize were not 
significantly altered by liming. 
Influence of liming on Zn uptake was more related to the Zn uptake 
mechanism of the plant than the presence of soluble Zn in the soil. 
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In unlimed soil, organic matter significantly inhibited the 1fu 
uptake by maize, in spite of an increase in soluble Mn, the pheno-
menon apparently being specific for maize. 
In limed soil, addition of organic matter progressively increa-
sed the uptake of all micronutrient cations. 
Addition of orgmüc matter increased the Mo uptake in unlimed 
soil, but decreased relatively in limed soil. 
It is proposed that application of organic matter enriched with 
micronutrients is an ideal method to improve the micronutrient supply-
ing capacity o: high lime soils. 
3. ~~~:~!-~~-~~~~~~-R:~!-~~-!:~~:_:~:~:~!-~R!~~:-~~-R~~~!~ 
Plant contents of Zn, Fe 8nd mn decreased on liming peat upto a 
certain level but increased from thereon with further increase in liming. 
Cu uptake of plant from peat dec reased progressively with liming. Plant 
contents of all the elements did not show direct relationship with ex-
tractable fractions. 
There was no evidence of c~lcium displa cing a part of the complexed 
me tal on 1 iming and hence, the .increase in the up take of Zn, Fe end II/In 
at the highest liming rate was due to reasens related to the uptake 
mechanism. 
On the other hand~ added trace elements entered into chelation reac-
tion with the pent and replaced a part of the retained calcium. Addition 
of trace elements, however, slightly inhibited the plant upta~e of calcium. 
4. ~~~:~!-~~-~~~~-~~~~!~::_~~-!:~~:_:~:~:~~-~R!~~:-~~-R~~~!~ 
A. Effect of soil moisture on tro.ce element uptake by plants without the - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
~o~f~u~d~n~ ~ffe~t_o~ ~o~l_m~i~t~r~ ~n_p~a~t_g:o!t~ 
Air -drying a soil high in reantive Mn released lo.rge amounts of 
plant o.vnilo.ble Mn to the extent of causing Mn toxi~.ity. 
Rewetting such soïls permitting aerobic incubation resulted in 
a sharp increase in JJ:In nvo.ilability, essentially due to microbial oxi-
dation, and immobiliso.tion. 
Wo.terlogging the soil, though increased the soluble Mn content, did 
not increase the plant uptake of 1[11 , since the simultaneous increase in 
Fe in soil solution effered competition for the uptake of Mn. 
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Extractable fractions of Fe underwent fluctuations similiar to 
Mn with variatien in soil moisture ; but the plant Fe remained un-
effected. 
Zn, Cu, Al and Pb supplying capacity of the soil was nat altered 
observnbly by varintion in soil moisture prior to plant introduction. 
B. Effect of ~o~l._m~i~t~r:; ~n_t:;n~e_e~el!:e~t_uRt~k:; ~y_p!a~t~ ,(m;;:i~e­
;;:n~ ~e~rl ~i!h_t~e_c~n~o~n~i~g_e~f~c! ~f_s~i! JEO~s!u:;e_o~ Rl~n! 
growth : - - - -
The progressive increase in the net uptake of elements by maize 
and bean with increase in available soil moisture upto irrigous meis-
ture was concomi ttant to the c•Jrresponding increase in dry matter 
productiono 
Concentratien of Zn, Cu l.'ü1d Fe in maiY-;e were unaffected by soil 
moisture, unless soluble farm~ of these elements are added. \Vhen the 
soil wns fertilised with tracc elements, tüe concentration increased 
significantly at irrigous moisture . Concentratien of Mn in maize de-
creased at irrigous moisture r8gardless of 1m supply. 
Concentrations of Zn , Cu '1~ld Mn were nat significantly affected 
by soil moisture in benn, but concentrntions of Fe, B and Al increased 
significantly at irrigous soil moisture. 
Trace element fertilisat :! :.m reduced t~1e ra te of transpiration 
in maize and bean at all soil moisture levels. 
Higher 1m and Fe r.wbilis:Lng capacit y of the roots and increased 
rate oftranspirntion at all mc ; sture levels are two ppssible factors 
responsible for the higher amounts of Mn and Fe taken up by bean in 
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